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Editor 
Ray Osterwald, NODMS 


Editor Emeritus 
Barry R. Wiseman, N6CSW 

Electric Radio™ is all about the restoration, maintenance, and 
continued use of vintage radio equipment. Founded in May of 1989 
by Barry Wiseman (N6CSW), the magazine continues publication 
for those who appreciate the value of operating vintage equipment 
and the rich history of radio. It is hoped that the magazine will 
provide inspiration and encouragement to collectors, restorers 
and builders. It is dedicated to the generations of radio amateurs, 
experimenters, and engineers who have preceded us, without — 
whom many features of life, now taken for granted, would not be 
possible. 

We depend on our readers to supply material and photos for 
ER. Our subscriber’s primary interest is in articles that pertain to 
vintage equipment and operating with a primary emphasis on 
AM, but articles on CW, SSB, and shortwave listening are also 
needed. Photos of hams in their radio shacks are always appreci- 
ated. We invite those interested in writing for ER to write, email, 
or call. 


Regular contributors include: 
Tom Marcellino (W3BYM), David Ishmael (WA6VVL), Gary Halverson 
(K6GLH), Larry Will (W3LW), D.S. “Jeep” Platt (K3HVG), Joe Long 
(WA2EJT), Jeff Covelli (WA8SAJ), Phillip Legate (ACQOB), Mike Bittner 
(W6MAB), Mike Murphy (WU2D), George Misic (KE8RN), Jim Hanlon 
(W8KGI), Chuck Teeters (W4MEW), David Kuraner (K2DK), Jim Riff 
(K7SC), Dave Gordon-Smith (G3UUR) 


Editors Comments 


The Drake 2-Series 
Tom Rousseau, K7PJT, has been working ona 


comprehensive article about the entire Drake 2- . ee lle 
series of unique receivers since shortly after his 5 a 


excellent article on the 1-A receiver appeared in 

the March 2013 issue #286 of ER. It’s a fairly long article, but is so complete and well 
written that it would not be nearly as useful if it became a 2 part story. | hope everyone 
enjoys it as I have. He’s made some fairly complicated circuitry easy to understand for 
anyone not familiar with the Drake family of equipment. 

Homebrew Special 

Homebrew radio equipment is definitely uncommon in the 22nd Century, but has not 
necessarily completely vanished from the ham radio scene. There is nothing like the 
opportunity to say in a QSO “station here is all homebrew!” Mike Bohn (KG7TR) has 
been busy recently, and in this issue is his complete station, a triband transceiver and a 
matching 813 amplifier. There is nothing special or hard to find in his design, and someone 
that is planning a homebrew station will find much useful material here. Mike’s 
construction looks like factory work and is beautiful craftsmanship. This equipment will 
be available for viewing and use during this year’s Central Electronics Boat Anchor Event, 
July 23rd, 2016. 

Command Set Capacitor 

In another article this month, Joe Long (WA2EJT) has found an even easier method to 
rebuild those pesky Command Set capacitor units. Joe says this will be the final word on 
this topic. 

New ER Searchable Database 

The Internet location is at this address (or URL): http://www.ermag.com/index. 


73, Keep Those Filaments Lit! NODMS 
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eau, wy K7PYT is sling} in his well Scape Sido. 
ofa Drake 2-B receiver. The results of these 


are described in in fall detail i in a this month’s article tat 


The Drake 2-Series Receivers 


By Tom Rousseau, K7PJT 
4179 Willow Flat Road 
Hood River, OR 97031 


tomr@gorge.net 


R. L. Drake entered the amateur receiver 
market with the announcement of the 1-A 
in QST, December 1957. The 1-A was a 
radical departure for amateur receivers of 
the day, offering top-drawer SSB 
performance in a compact, light weight 
and affordable package. The 1-A was 
extensively covered ina previous article’. 

The 1-A was a well balanced design for 
SSB that excelled in most aspects of 
performance parameters, with exception of 
its ability to handle strong signals. The 
broadband RF and first IF stages conspired 
to cause this otherwise excellent radio to 
suffer from blocking and cross modulation 
artifacts generated by strong off-frequency 
signals. The 2-A was Drake’s answer to 
correct this deficiency, involving significant 
circuit design changes. The 2-B introduced 


and 2-C (top). 
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a new passband tuning unit that provided 
excellent performance for all operating 
modes, while the 2-C took a new direction, 
focusing on entry level users. 
The 2-A 

The two years since the 1-A introduction 
saw the November 1958 announcement 
of the Collins 75S-1 receiver at $495, their 
first “compact” receiver. Hallicrafters had 
evolved their heavyweight SX-101 to “A” 
status at $400, adding a product detector 
and improved AVC for SSB. National had 
replaced the NC-300 with the $450 NC- 
303, focusing on improved selectivity 
facilities and SSB functionality®. 
Hammarlund had joined the fray with 
their respectable triple-conversion HQ-170 
at $359. By 1959, the “big three” were all 
finally offering high-end, ham-band-only 
receivers with decent SSB performance, 
but were still clinging to large, heavy designs 
and band switched first conversion variable 
oscillators, resulting in compromised 
frequency stability and resolution. Only 
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The revolutionary 1-A (left) begat the 2-A (bottom left), 2-B (bottom right) 
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MODEL 2-A ¢ Triple conversion with crystal 
RECEIVER controlled first converter for 
$ 95 maximum frequency stability. 
269 * Continuous sideband selection 
AMATEUR NET without retuning 
* Reception of SSB, AM and CW with 
MATCHING full RF gain, complete AVC action 
beens ks and accurate S-Meter indication. 
$12 95 ® Distortion-free product detection. 


AMATEUR NET 


ace 


28.6 mc) and 10M (29,1-29,7 m 

ranges that may be set up belween 3.5 
(WWYV, MARS, Sputnik, ete.), 

MODE: Selectable SSB, A.M., C.W. 


b— 23 KC at 60 
signal. 
or minus 10% line voltage change. 


adjustable for calibration purposes. 
SENSITIVITY: Less than % microvolt for 10 db S/N. 


ond charge. 


ACCESSORIES © 


Medel 583 Q-Xer 100 ke, Mode! 2-AC 
Q-Multiplior Crystal Calibrotor 
$34.95 Amat, Net $16.95 Amot. Net 


Wu. - aNoihet fire Dittke itil. 


SPECIFICATIONS 


FREQUENCY COVERAGE: 3.5-30 mc, twelve 600 ke segments 
which muy be set up and selected from the front panel in- 


Five “Ham” ranges: 80M (3.5-4.1 mc), 40M (6.9-7.5 me), 
20M (13.9-14.5 me), 18M (20.9-21.5 me}, 10M (28.5-29.1 secs 
Two “Ham” ranges (with accemory crystals): 10M (28.0 

Five “Universal” ranges (with a ceieaen crystals) five 600 ke 


and 30 mc by plug- 
ging in five accessory crystals chosen for the desired ranges 


a ki 2.4KC tae hes KC at 60 db or 4.8 KC at 


SPURIOUS RESPONSES: Image ejection more than 60 db, IF 
rejection more than 60 db on ham ranges, Internal spurious 
signals within ham bunds less than equivalem 1 microvolt 


FREQUENCY STABILITY; Less than 500 cycles warm up, Less 
than 100 cycles after warm up, Less than 100 cycles for plus 


DIAL CALIBRATION: 10 kc main dial divisions, 1 ke (approxi- 
mately) vernier dial divisions, Main dial and vernier both 
AVC: ,75 sec. or .05 sec. discharge, less than 100 micro sec- 


AUDIO OUTPUT: I watt maximum, .2 watt at AVC threshold. 


‘eg «6OR. «&L. DRAKE COMPANY «+ MIAMISBURG, OHIO 


THE MODEL 2-A 
BRINGS YOU SUPERIOR 


SoBe AM 


PLUS...PROVISION FOR 
FREQUENCIES OTHER 
THAN PRESENT HAM BANDS 


FEATURES 
¢ Convenient tuning rate with 
deviation scale. 
* High sensitivily, low noise. 
* Compact size. 
ALSO A CHOICE OF 
¢ Slow or fast AVC. 
¢ Selectivity band width. 
¢ Produc! or divde detector. 


AUDIO DISTORTION: Less than 3% harmonic, Less than 43% 
intermodulation (including product detector). 


CONTROLS: ‘Frequency” 2!4" diameter with adjustable 40 
divisions skirt (approximately | ke/division). *Prexelector” 
tunes antenna and to incoming signal, calibrated 80 
through 10 meters plus 9-10 scale for frequencies outside 
ham bands. “Band” Switch indicates ham band of other 
tuning range. “Sidehand” used with 2.4 ke selectivity to se- 
lect desired sideband by tuning passband above or below the 
fixed BFO (or carrier), Gain” adjusts RF gain (S meter 
reads accurately at any setling of control which allows meter 
to kick), “AF Gain” adjusts audio gain, A front panel 
headphone jack disconnects the speaker when phones are 
plugged in. 


SLIDE SWITCHES: ““Power-Off A.C. on or off. “Stby-Rev” 
Standby-reccive or to ag external muting when used with 
transmitter. “S. AVC-F, AVC” .75 seconds or .05 seconds 
AY — discharge time. “2.4 KC KC” selectivity switch. 
“Prod-Diode" detector sclector switch. “BFO-Of” BFO 
switch Independent of detector switch. (BFO may be used 
with cither Product or Diode ge! Also Accessory 
Switches: “Q Mult. Of and "Cal, O11, 


REAR CHASSIS CONNECTIONS: All connections are made 10 
serew Lype terminals (provision is made for SO 239 Antenna 
Coax Connector), Terminals are: 50-75 ohm antenna, Mu- 
ting, AVC time constant, 4 ohm AF output (to speaker, Anti- 
trip, ete.) Socket for Q Multiplier. 

10 TUBES, plus IN34 bias rectifier. 

SIZE: 12” Wide x 7” High x 9” Decp. WEIGHT: $4.5 pounds, 


POWER: 120 volts, GO cycles, 40 watts. 


Figure 1: Drake’s first 2-A QS7 ad appeared in December 1959, exactly two 
years after the first 1-A ad. Notice that the early 2-A was promoted with a 
stand-alone speaker, sans built-in Q-Multiplier, in favor of their standard 
product Model 583 shown in the lower-left corner. 


Collins and Drake offered the frequency 
stability benefits of first conversion crystal 
oscillators and fixed range, variable second 
conversion oscillators; only Collins offered 
1 kHz dial resolution. This was the amateur 
receiver landscape when Drake supplanted 
the 1-A with the 2-A. 

The 2-A was introduced in QST, 
December 1959, figure 1. The obvious 


first impressions were the compact new 
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styling and lower price of $270. The $299 
1-A had six front panel controls, some with 
double functions. The 2-A had fourteen 
controls, all single function, offering more 
features and operational flexibility. Added 
features included an envelope detector for 
AM and fast/slow AVC selection. The new 
preselector control was an essential element 
of the architectural changes targeted at 


improving strong signal capabilities. The 
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IF bandwidth was selectable between 2.4 
kc? for SSB and 4.8 kc for AM. Available 
options included a 100 ke calibrator 
(standard in the late version of the 1-A)', 
matching speaker, and later a Q-Multiplier/ 
Speaker. There were two versions of the 2- 
A. The manual suggests that the later version 
began at S/N 1001, but itis not clear how 
many early versions were made below that 
number. One of my 2-As is S/N 442, 
suggesting that at least several hundred 
early models were made. The early 2-As 
were designed to be used with the Drake 
583 Q-Multiplier, a standard product 
intended for use with the many older 
receivers of the era having 455 kc IPs. 
Shortly after the 2-A was introduced, Drake 
made some changes to accommodate the 


new 2-AQ Q-Multiplier/Speaker accessory 


making the front panel “Q MULT” power 
function redundant, so they replaced it 
with a noise limiter (NL) function. The 2- 
A was considerably less expensive than any 
of the competition and yet performed as 
well— or better than— the others in many 
respects. 

The 2-A architecture is very similar to 
the 1-A at the highest level, following the 
same economical triple conversion design 
philosophy and attention to a high 
performance/price ratio. Nonetheless, in 
order to improve strong signal handling 
capability, several changes were made to 
the front-end stages: the 1-A’s broadband 
RF amplifier stage was replaced by a tuned 
preselector in the 2-A; the broadband first 
IF stage was replaced by a tuned IF that 
tracked with the VFO, covering the range 


Tubes/Semiconductors 


Figure 2: The architecture was essentially the same for all of these Drakes. The 
upper portion of this diagram shows the difference in IF schemes. The lower 
portion shows the tubes used, changing over time and beginning to give way 


to semiconductors with the 2-C. 
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of 3.5-4.1 MHz. The result of these two 
changes was to tighten up the front end 
and dramatically improve the handling of 
strong off-frequency signals. The 2-A is 
fundamentally a dual conversion radio for 
the 80 M band, becoming triple conversion 
on the higher bands as the first conversion 
crystal oscillator is engaged to down convert 
the higher bands to 80 M. The second 
converter, with a fixed-range VFO, 
translates the 80 M band to the second IF 
of 455 kHz, which was a low enough 
frequency so that an effective Q-Multiplier 
option could be offered. The 455 kHz 


second IF signal was then converted to the 


50 kHz third IF and passed through the 
passband tuning unit. A block diagram is 
shown in figure 2, including a comparison 
of the IF schemes between the 1-A and 2- 
series. 

Physically, the 2-A is smaller and simpler 
in construction than the 1-A, resulting in 
easier assembly and a lower cost structure, 
figure 3. A U-channel centered on the 
chassis, and running under the VFO tuning 
capacitor, combined with a lateral-angle 
bracket, stiffened the chassis to minimize 
mechanically induced frequency 
instabilities. Open chassis sides facilitate 
easier access to the underside. The 


Preselector : 
Tuning © 
Capacitor 1 


VFO! 1S IF @ 
Tuning 
Capacitor 


50 KC 
Filter 


Figure 3: This top view of the 2-A shows the straightforward, economical 
layout. The 2-B layout was essentially the same except that the VFO Tuning 
Capacitor was moved an inch closer to the front panel with a shorter shaft. 
Note the judicious shielding of the tuning capacitors to reduce cross talk and 
protect them from dust. Tubes are shielded only where cross talk concerns 
dictate. This particular receiver suffers from copper chassis corrosion, a 
common ailment for generations of Drakes. Drake eventually changed to 


anodized aluminum material during the seventies. 
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frequency dial moves 
laterally, permitting dial 
alignment to the 
b00)okH= 
calibrator marker. 

The 1-A RF stage was 
traditional in that it 
used a 6BZ6 tuned- 
tuned-plate 
amplifier, both 
broadband (600 kHz 
bandwidth), with 
separate circuits for each 
bangs? ihe? ve2sA, 


preselector also used a 


nearest 


grid, 


tuned-grid, tuned- 
plate 6BZ6 amplifier, 
though the tuned 
circuits are relatively 


/ 


high-Q and must be 
peaked to the operating 
frequency with the 
preselector control. 
Figure 4 compares 
the bandwidth of the 
two approaches, and 


clearly shows the 


Center Frequency 
3.750000 MHz 


Center Frequency 
3.750000 MHz 


4-A Front End | 


2-A Front End 


VFON 


improvement in front- 
end selectivity. 

Dye rpnesetector 
fundamentally tunes 


45.139 Miz in tie 


40M position. 
Switching to the 80 M 
band adds shunt 


capacitance to lower the tuning range, and 
switching to any of the higher bands adds 
shunt inductance to raise the tuning range. 
The proper preselector range is selected 
automatically for the appropriate ham band 
by the BAND switch, resulting in five 
ranges: 3.4-5.0 MHz, 4.5-13.5 MHz, 7.5- 
22.8, MHz, 8.4-26.0 MHz, and 10.3- 
30.0 MHz. This design enables general 


coverage in any 600 kHz segment from 
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Figure 4: The 1-A front-end bandwidth is shown in the 
upper trace, in stark contrast to the much more 
discerning sharpness of the 2-A, lower trace. These 3.2- 
4.3 MHzsweeps included the RF amplifier and first IF, 
clearly illustrating the 1-A’s exposure to strong signals 
hundreds of kHz off frequency. The 2-A VFO appears 
at 455 kHz above the tuned frequency, as it should. 


3.5-30 MHz with the addition of the 
appropriate HFO crystal via five blank 
sockets. Standard 10 M coverage is 28.5- 
29.1 MHz, expandable to cover the entire 
band by adding the appropriate HFO 
crystals. 

The first IF is variable 3.5-4.1 MHzand 
serves straight through for the 80 M band. 
The first mixer becomes a second tuned RF 


Amplifier on this band, tracking with the 
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VFO. Above 80 M, the 
first conversion HFO 
is engaged to down 
convert the higher 
bands to the 80 M 
band. Strong 80 M 
signals can be expected 
to bleed through when 
on the other bands. 
High-side injection on 
40 M,20Mand15M 
results in tuning the 
opposite direction 
from 80 M. However, 
the 15 M crystal is 
shared with 10 M, 
resulting in low-side 
injection and therefore 


C34 C37 ee 
2 a 13 : : C35 4 7 
il 


(A) 2.4 KC Bandwidth 


C31 


(B) 4.8 KC Bandwidth 


Figure 5: The 2-A passband tuner provided two bandwidth 
positions. These RF equivalent circuits illustrate the 2.4 kHz (A) 
and 4.8 kHz (B) filter topologies with apparently striking 
differences deployed through clever design using a single DPDT 


same-direction 10 M glide switch. The 2 
tuning as on 80 M. 


The 1-A enjoyed a very clever heterodyne 
scheme which resulted in forward tuning 
on all bands with an economy of crystals". 
The forward/backwards tuning scheme of 
the 2-A is one of the trade-offs that Drake 
made in the process of improving strong 
signal handling and enabling general 
coverage capabilities without increasing 
the cost structure. 

The 1-A useda GBEG6 second conversion 
mixer driven by a very robust VFO, built 
with heavy duty hardware, an expensive 
transmitter-style tuning capacitor, and using 
a separate 6BQ7 connected asa resistance 
coupled Hartley with cathode follower for 
isolation’. The 2-A uses a pentagrid 
convertor, combining the mixing and VFO 
into a single GBEG tube. The VFO is 
physically much less robust, using a 
modified dual-ganged, broadcast-radio 
style capacitor with one section for the 
VFO and the other for the tunable first IF. 
Three tube functions in the 1-A were 
replaced by one in the 2-A. In spite of this 
economizing of the VFO, stability 


Electric Radio #325 


.4 kc circuit is essentially the same as the 1-A. 


performance remained superb and 
uncompromised; this isa good example of 
Drake’s commitment to well balanced 
engineering to provide uncompromised 
performance at the lowest cost. The 1-A 
converted to a second IF of 1100 kHz, 
whereas the 2-A converts to 455 kHz. The 
higher 1-A second IF frequency was required 
to avoid spurs due to its heterodyne scheme 
and broadband first IF. Changing to 455 
kHz in the 2-A enabled Drake to offer a Q- 
multiplier option. 

The third conversion to the 50 kHz IF is 
similar in both radios. At 50 kHz, the 
implementation of the 2-A passband tuning 
unit is essentially the same as the 1-A' at 2.4 
ke bandwidth. The 2-A added a second 
bandwidth of 4.8 kc for more pleasant AM 
reception. This was accomplished by a 
clever scheme to switch from four to two 
tuned inductors in the 50 kHz passband 
tuner by simply usinga DPDT slide switch. 
Figure 5 reduces the complexity of the 
manual’s schematic to show the equivalent 


circuits of the passband tuner in each 
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position. 

The 4.8 kc bandwidth is quite broad 
with a poor shape factor, comparable to 
that of forties-era radios, as shown by the 
passband sweeps in figure 6. The 50 kHz 
inductor slugs are soldered to the slug 
plate, as in the 1-A, discouraging field 
adjustment. The “Passband” nomenclature 
of the 1-A was changed to “Sideband” on 
the 2-A. 

The remaining signal paths in the two 
radios are very similar, with some tube and 
component changes, but otherwise they 
have comparable performance and 
functionality. The 2-A added an audio 
series noise limiter (except in the very earliest 
units), which is useful for AM. The 2-A 
continued using an LC filter, as in the 1-A, 
to remove 50 kHz components from the 
detected signal prior to the audio stages; 
this is a nice touch to reduce possible 


32k 36k 40k 


52k 56k 60k 64k 68k 


44k 48k 
Frequency (Hz) 


Figure 6: A composite sweep of the 
passband tuner shows the sharp 2.4 
kc filter to be essentially the same as 
the 1-A, providing good SSB 
discrimination. The 4.8 kc filter has 
a poor shape factor due to the 
simplification to two inductors, but 
provides pleasant AM reception ina 
quiet band. The sweep was conducted 
from 30-70 kHz in order to capture 
much of the 4.8 kc curve. 
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distortion artifacts, a feature not found in 
most radios at any price. Happily, the 2-A 
continued to use negative feedback around 
the audio stages to reduce audio IMD, 
resulting in a clean, non-fatiguing sound. 

The AVC system in the 2-A is very 
similar to the 1-A’s, retaining the effective 
dual loop control using a fast attack/fast 
release loop for noise/pop control and a 
slower attack/slow release loop for pleasant 
SSB reproduction’. Drake added a front 
panel AVC switch for selecting fast or slow 
AVC recovery time, but must have had 
difficulty in deciding an optimum release 
time constant for the “Slow” position, as 
they provided a rear panel terminal to allow 
the user to add more capacitance to 
optionally extend the time constant to suit 
personal tastes. One notable difference is in 
the RF Gain control circuitry. The 1-A 
circuit is relatively low impedance, 
including a 50k-ohm RF Gain control pot, 
whereas the 2-A circuit is much higher 
impedance, includinga 15M-ohm RF Gain 
control. The 2-A circuit works well, but is 
more susceptible to extraneous leakage 
paths. Adjustment of the “Bias Adj” is fairly 
critical and Drake’s procedure is a good way 
to accomplish this. If the bias cannot be set 
for -1.5 VDC as directed, or if the AVC 
behavior is erratic (as noticed on the S- 
meter), check the AVC-controlled tubes 
for possible grid leakage (V1, V2 and V5), 
and all AVC circuit capacitors for leakage. 
Excessive oils (from certain contact cleaners) 
can also cause leakage paths across tube 
sockets. All AVC capacitors must have much 
less than 1 pA of leakage current; Drake 
used some plastic encapsulated paper 
capacitors (similar to Black Beauty) that 
should be checked for leakage or 
prophylactically replaced. 

The later version of the 2-A replaced the 
6GAV6 triode/dual-diode with an 8BN8 


triode/dual-diode. The functional 
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difference between these tubes 
is that the GAV6 deployed a 
common cathode between the 
triode and two diodes, whereas 
the 8BN8 brought out separate 
cathodes for each diode and the 
triode. The diodes were unused 
in the early 2-A, but in the later 
diodes were 
deployed as a bias rectifier to 
replace the 1N34, and to add 
the noise limiter function. The 
8BN8 is normally intended to 
operate with an 8 V filament, 
but by running itat 6 V induced 
hum is less of an issue in the 
audio preamp stage. The 
schematic incorrectly shows this 
asa 6BN8. I suspect that Drake 
experienced bias stability issues 
with the 1N34 germanium 
rectifier, so it was replaced with 
a more stable (at the time) 
vacuum tube. 

The 1-A has seven power 
supply voltages plus 12.6 VAC 
filament (175, 155, 140, 105, 
-5.5, -10, -15 VDC), whereas 
the 2-A has five supplies plus 
6.3 VAC filament (152, 152 
accessory, 136, 118,-22 VDC). 
A 1N34 germanium diode was 


version the 


used as the bias rectifier in the early 2-A, 
rather than deriving bias from the power 
transformer center tap asin the 1-A. Itisa 
good idea to replace the 1N34 with a 
silicon diode such as from the 1N400x 
series, asa 50 year old germanium diode is 
likely to have unnecessary reverse leakage 
and thermal instability issues (that can 
adversely affect the RF Gain bias and AVC 
circuits); a silicon diode has adequate 
stability for this application, so there is no 


need to hack your early 2-A for the 8BN8. 
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DRAKE 9p | 


MODEL 


RECEIVER 


Retains all features of the 
popular Orake 2-A, plus .. 


Newly designed 
Passband Tuner 
with THREE 
BANDWIDTHS 


Continuous passband tuning on 
+5 ke, 2.1 ke, and 3.6 ke switchable 
band-widths. All three are steep: 
sided and can be used for SS 
®Slow AYC for SSB, improved Fast 
AVC for break-in CW 


z > eimproved SSB and AM selectivity. 
a R.L. ORAKE COMPANY 
wy 7 MIAMISBURG, OHIO 
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Figure 7: The first 2-B QST ad appeared in July 
1961, about a year and one half after the 2-A. 
The spotlight was justifiably on the much 
improved bandwidth performance. 


The 2-B 

The 2-B was introduced in QST, July 
1961, to much-deserved fanfare about the 
newly designed passband tuner and onlya 
$10 price increase, figures 7 and 8. Drake 
finally offered features of broad appeal to 
satisfy the needs of competent CW and 
AM operators, in addition to SSB. The 
passband tuner was completely redesigned 
to offer three levels of selectivity, 0.5, 2.1, 
and 3.6 ke bandwidths, without 


compromising the broadest passband shape 
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‘Passband 


Figure 8: The bottom view of the 2-B featured the new passband tuner at the 
center, with it’s board of precise components for establishing the desired 
bandwidth, as selected by the operator from the front panel. This is the first 
Drake tuner that could be aligned in the field. 


factor (one might argue that this makes the 
2-Aa better AM receiver with more natural 
audio). Other subtle design tweaks also 
were made, not the least of which was a 
small red nubbin added to the dial to 
facilitate aligning the dial to the nearest 
100 kHz calibrator signal; sometimes very 
simple things can bring great joy, as this 
made it easier to slide the dial without 
leaving a trail of annoying fingerprints. 
The 2-B front panel is nearly identical to 
the 2-A, with the number of slide switches 
dropping from eight to seven by replacing 
the two position bandwidth slide switch 
with a three position rotary switch lever 
concentric with the passband tuning. The 


2-B y fetteonea se the. sideband” 
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nomenclature, returning to the earlier and 
more descriptive “Passband” of the 1-A. 
The passband tuner retained the essen- 
tial mechanical aspects of the earlier tuners 
used in the 1-A and 2-A, although many 
elements were physically rearranged to ac- 
commodate the other changes. Figure 9 
shows the new tuner, and can be compared 
to the earlier tuner’, noting the additional 
electrical components accommodating the 
three bandwidth positions. Figure 10 
shows the composite sweep for each pass- 
band position of the new tuner; note the 
radical improvement in shape factor of the 
widest bandwidth as compared to the 2-A, 
shown in figure 5. The variable bandwidth 
scheme is essentially the same as first com- 
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Tuning Shaft Inductors 


Spring 


Cam Disc 
Bandwidth Switch 


Alignment Screw 


Passband Tuning 


Rider 
Bandwidth Components 


Slug Plate Center Bracket 


Figure 9: This peek inside the 2-B passband tuner clearly exhibits its lineage 
to the 1-A tuner*. The mechanical hardware for moving the coil slugs has 
been moved from the front to the rear, but operation is the same. Turning 
the front panel Passband knob rotates the cam disc that converts the 
rotational motion into a linear displacement via the rider, resulting in 
moving the coil slugs 


via the slug plate. 


mercialized by Hallicrafters 
in the 1951 S-76, wherein 
appropriate capacitors and 
resistors are selected to ad- 
just the coupling between 
inductors and set the Q for 
the desired bandwidth. The 
important innovation that 
Drake brought to this 
method was to physically 
link the inductor slugs so 
that all four 50 kHz induc- 


tors could be tuned in uni- 


son from the front panel. toe a2kSS*~«RSCSC« 


48k 50k 
Frequency (Hz) 


Figure 10: This sweep of the 2-B passband tuner clearly shows the useful 
bandwidth options, including the dramatic improvement in skirt selectivity 
of the broadest “AM” position. Compare this with the 2-A (figure 6, page 8) 
noting that the graph scales are different in order to better highlight the 


characteristics. 
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This provided a passband tuning capabil- 
ity that was a noteworthy innovation. It 
was first introduced in the 1-A and contin- 
ued through the R-4B, for as long as Drake 
made receivers with a 50 kHz IF (except the 
2-C). The 1973 R-4C abandoned LC 
filters in favor of crystal filters in the band- 
width-determining stages. 

To the delight of technicians, inductor 
slugs were no longer soldered to the slug 
rack, enabling field adjustment of the 
tuner’s inductors through the four holes 
on the tuner’s rear panel. Three of these are 
fairly accessible with a short, nonconductive 
alignment tool, but the audio output 
transformer must be temporarily 
repositioned to access the fourth 
adjustment. In spite of the awkward access, 
adjustment became possible in the field 
and was an improvement over the earlier 
receivers. 

The 2-B’s AVC circuit is essentially the 
same as the 2-A witha few value changes to 
provide a slightly faster attack time for CW 
operators running break-in. 

Other minor changes, in no particular 
order, include: a grounding strap across the 
bottom of the RF sections to tie the shields 
together and to the front and rear chassis 
aprons; the VFO/IF tuning capacitor was 
beefed up with a more robust bearing 
system for smoother and tighter tuning; 
the capacitor shaft was shortened by an 
inch and the capacitor moved closer to the 
front panel, reducing lateral forces on the 
tuning shaft; and an “S-Meter Cal” 
adjustment was added, allowing the S- 
meter to beset at 50 pV for S-9. The RF bias 
adjustment, R-48 in both receivers, was 
elevated in name to “Revr Sens,” though its 
function and adjustment procedure are 
exactly the same. 

The $280 2-B competed against a new 
and much improved Collins 75S-3, which 


was still superior in frequency accuracy and 
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selectivity, but otherwise offered similar 


performance at more than twice the price of 
$680. Hallicrafters had introduced the 
highly regarded but still rather large SX- 
115, $595, finally offering a crystal first 
conversion oscillator, with a high stability, 
linear second conversion VEO, adapted 
from the HT-32. Hallicrafters also 
introduced the SX-111, providing SX-101 
performance at the substantially lower price 
of $250, making it competitive head-on 
with the Drakes. National introduced the 
smart looking, compact, but otherwise 
disappointing $250 NC-270. 
Hammarlund made no _ material 
improvements in the two years since the 2- 
A was introduced. Mosley briefly entered 
the fray with the cleverly designed but 
overly simplified CM-1 receiver in 1961- 
62. The $170 CM-1 attempted to 
duplicate Drake’s design philosophy, but 
fell short in features and general balance of 
design, though it was in keeping with the 
modern trend towards a light weight and 
fixed-range VEO. 

The 2-B was finally a good enough radio 
to holda strong market position in the high 
performance arena for several years, and 
released Drake’s resources to expand it’s 
product offering into the hot and rapidly 
developing transceiver market with the late 
1963 rollout of the TR-3. The TR-3 
introduced a new styling that remained a 
hallmark for Drake until the TR-7 was 
announced in 1978. The 2-B was replaced 
as Drake’s flagship receiver in January 1965 
by the R-4. 

The 2-C 

The 2-C was introduced in the 
September 1966 issue of QST, alongside of 
its companion 2-NT transmitter, see figure 
11. The prior introduction of the R-4 
displaced the 2-B as Drake’s leading 
receiver, allowing Drake to redirect the 2- 


series to target the introductory novice- 
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Receiver 
Model 2-C 
$229.00 


Excellent 
performance 
at low cost 


CW 
Transmitter 
Model 2-NT 

$129.00 
Built-in 
essentials and 
accessories 


DRAKE 2_-C RCVR & 2=-NIT CW XMTR 


Basic pair for all Hams... 
Novice or General 


®@ Triple Conversion @ Crystal-controlled First Converter @ 
500 kc ranges for 80, 40, 20, 15 and 10 Meters @ Also any 
500 ke range between 3.0 mc and 30 mc by inserting an 
accessory Crystal © Temperature-compensated VFO Tun- 
ing @ Selectable Sidebands without retuning @ Three 
Bandwidths—.4, 2.4, 4.8 kc at 6 db @ Solid-state Audio, 
Product and AM Detectors, AVC Amp and Xtal Osc @ AVC 
Switch (Fast, Slow and Off) @ SSB, AM and CW with AVC 
and S-meter @ Works Break-in CW with 2-NT Xmtr e 
19 Tubes and Semi-Conductors @ Dimensions: 11%6’W x 
6%2"H x 9362”D, Wt.: 13% Ibs. 

Accessories available: 100 kc Calibrator, Q Multiplier, 
Matching Speaker, Noise Blanker, Crystals for other 
ranges. 


® 100 Watts Input (can be reduced to 75 watts for novice) 
@ Operates Break-in CW, Semi Break-in CW or Manual 
CW with Drake 2-C or other receivers @ Automatic Trans- 
mit Switching @ Side Tone Oscillator built in @ Antenna 
Change-over Relay built in @ Pi-Network output with fixed 
loading @ Lo Pass Filter against TV] built in @ Drop-out 
delay of change-over relay adjustable e CW Coverage on 
80, 40, 20, 15, 10 Meters © Simplified Tuning @ Frequency 
Spotting without xmtr output @ Grid Block Keying @ Code 
Practice in stand-by position ® 13 Tubes and Semi-Con- 
ductors @ Dimensions: 9%”W x 6732"H x 9%2”D. Wt: 12’ Ibs. 
Accessories available: Antenna Matching Network, VFO, 
and Crystals. 


All prices are Amateur Net. See your distributor or write for free brochure. 


R.L. ODRAKE COMPANY = MIAMISBURG, OHIO 45342 


limited to the likes of 
the Heath HR-10 
series of kit radios for 
about $80, with 
commensurately poor 
performance, the 
nerd teed rie 
Hammarlund HQ- 
110A at about $260, 
oraused Hallicrafters 
SX-140 or scarce 
Mosley CM-1. In this 
niche, the $229 2-C 
was superior and a 
good value. 

The 2-C adopted 
the new Drake 
styling, except for the 
knobs, 


electrically retaining 


while 


the architecture of 
the earlier 2-Series 
radios. The design 
philosophy for the 2- 
C was to reduce cost 
as much as possible 
while still retaining 
good basic 
performance. Cost 
reduction measures 
included limiting the 
AUX 


capabilities, limiting 


frequency 


Figure 11: The 2-C was introduced with its companion 19 \{ to one600 kHz 
2NT CW transmitter in the September 1966 issue of .. gment (another 
QST. This was a top-drawer basic setup for new hams, , egment could be 
though not up to the expectations ofthe more experienced ,qded via the AUX 


operator. 


class market with an economized 2-C. 
Competition in this market segment was 
slim and largely relegated to the used 
equipment market of older single 
conversion general coverage radios such as 
the SX-110, HQ-110 or NC-190 class. 


Entry level ham-band-only radios were 
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socket), dispersing 
with the passband tuning features and 
simplifying the frequency tuning 
mechanics. Interestingly, Drake added an 
adjustment to eliminate the tuning shaft 
end-play, figure 12. The 2-C eliminated 
tweaks in the HFO by using fundamental 


rather than overtone crystals as in the earlier 
June 2016 13 


Figure 12: Drake emphasized cost 
reduction in the 2-C, compared to 
the 2-B. So it is a bit surprising to 
find an end-play adjustment for 
tightening the VFO tuning. The screw 
is adjusted to just eliminate shaft 
play by pressuring the spring against 
the bearing. This adjustment is not 
critical and can be used to also set the 
dial drag to some degree. 
radios. The 2-C was Drake’s first hybrid 
tube/transistor radio that initiated their 
long and deliberate transition towards solid 
state circuitry. The 2-C utilized five tubes, 
seven transistors and seven silicon diodes to 
replace the ten tubes (15 tube functions) of 
the 2-B. Ona function by function basis, 
transistors were less expensive than tubes. 
Figure 2 compares the active devices with 
the earlier Drake receivers. The clean and 
simplified layout resulting from the design 
simplifications and transition to 
semiconductors is apparent in figure 13. 
The passband tuner was replaced by a 
lower cost fixed tuned 50 kHz IF filter with 
three bandwidth positions as before, but of 
slightly more useful bandwidths: 0.4 vs 
0.5 kc; 2.4 vs 2.1 kc; and 4.8 vs 3.6 ke, 


figure 14. The system was virtually 
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identical to the contemporary Hallicrafters 
50 kHz system. The optional 100 kc 
Calibrator was the same across the 2-Series. 
In some cases functionality and convenience 
were compromised, but very good basic 
performance was retained, including the 
superb AVC action.” Airdate? 
capability was added. 

Drake retained vacuum tubes in the 
critical signal path as transistors and solid 
state design techniques had yet to match 
the performance of tubes. However, Drake 
converted many of the less critical circuits 
to transistors where performance was not 
compromised, including the HFO crystal 
oscillator, AVC Amplifier, BFO, AM and 
product detectors, and the audio stages. All 
transistors were the same 2N3394 silicon 
NPN types except the AGC amplifier, 
which required the higher voltage 2N3877 
for interfacing to the bias supply, and the 
RCA 40310 audio output stage. The 
40310 runs in class A, so is very inefficient 
and runs warm, but is simple and provides 
clean sound. The 40310 quiescently 
dissipates about 4 W of heat into the chassis, 
so the thermal grease should be checked to 
ensure that it has not dried out. The RF 
amplifier was a 12BZ6 in earlier receivers, 
changing to the essentially equivalent 6BZ6 
later. 

The 2-C accepted an optional five 
transistor noise blanker to provide excellent 
impulse noise reduction in all modes, and 
was vastly superior to the simple audio 
series noise limiter of the earlier radios. This 
new blanker was adapted from the vacuum 
tube blanker built into the R-4, and was 
optimized for impulse noise (such as 
automobile ignition noise). It basically 
tapped the 455 kHzsignal from the second 
mixer, amplified, rectified and shaped the 
pulses to blank the signal path by shunting 
the 50 kHzsignal just prior to entering the 
sharp LC filters. 
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VFO/M*1F 
Tuning | 
| Capacitor 


Figure 13: This top view of the 2-C chassis shows the impact on simplification 
by using semiconductors. Tube count is reduced from ten to five, and power 
requirements are cut 25%. Shielding as been eliminated over the preselector 
tuning capacitor. Similar economies were taken below the chassis, too. The 
optional noise blanker and 100 ke calibrator plug into sockets at the back of 
the chassis. 


Figure 14: The 2-C uses 
a conventional 50 kHz 
IF topology rather than 
their hallmark 
passband tuner. This 
approach provides 
similar bandwidth 
performance at a lower 
cost. The switched 
components for 
selecting bandwidths 
are on the board 
outlined by the dark 
rectangle at the right of 
the photo. 
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The 2-C had six power supplies plus 
both 6.3 and 12.6 VAC filaments (135, 
135 accessory, 97, 12, 10 and-52 VDC). 
The RF Amp tube, V1, may bea 12BZ6 or 
6BZ6, depending on the production run, 
filament wired accordingly. 

The 2-C continued Drake’s propensity 
towards vertically oriented component 
boards, but for the first time ina Drake, the 
boards were single-sided phenolic circuit 
boards instead of terminal boards. This 
adaptation came coincidentally with the 
conversion to transistor circuits. 


The 2-C remained in Drake’s product 


line until the early seventies, when it quietly - 


faded away without fanfare or a 
replacement. It appears that Drake’s 
experiment with a high-grade introductory 
product met with lukewarm success. 
Accessories 
The Crystal Calibrator and Q- 
Multiplier/Speaker were the most popular 
of the standard accessories. The $17 model 
2-AC calibrator provided a simple on-board 
reference for adjusting the dial scale for 
more accurate frequency calibration for the 
entire 2-Series. The Q-Multiplier/Speaker 
was essentially the same electrically, but 
offered in three versions to complement 
each receiver: 2-AQ, $35; 2-BQ, $40; and 
2-CQ, $40. The Q-Multiplier added an 
effective means to notch out offending 
heterodynes, or alternately providing added 
selectivity for peaking desired CW signals. 
The standard product Drake Q- 
Multiplier model 583, $35, was offered for 
the early 2-A receivers, but deferred in 
favor of the more attractive and functional 
2-AQ beginning with serial number 1001. 
An optional speaker, 2-AS, was offered at 
$13 for the 2-A, but dropped for the later 
receivers due to the overwhelming 
preference for the Q-Multiplier/Speaker. 
Accessory crystals were popular for 


adding broadcast shortwave coverage, 
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WWV reception, and WARC band 
coverage years later. Crystals ran $3.50 to 
$7.50 in the late sixties, depending on the 
receiver and frequency, orderable directly 
from Drake. Today, International Crystal 
Manufacturing continues to offer quality 
Drake compatible crystals. 

A couple of interesting, but not very 
popular, accessories appeared throughout 
the sixties. Henry Radio advertized a $29 
Mechanical Filter Modification Kit, model 
DMF-2, for the 2-A and 2-B in 1963. This 
obscure kit appeared to be of Japanese 
origin and was intended to install in the 
space between the VFO and crystal 
calibrator. I have never seen one of these, so 
it would be interesting to hear from anyone 
who has experience with it. Drake targeted 
the 2-B for a low frequency converter, 
model 2-LF, $25, in 1964, extending 
coverage to 0.1 — 3.5 MHz by up- 
converting to the 10 M band. The solid 
state 2-LF displaced the calibrator by using 
its connector and location, and provided 
standard AM broadcast, 160 M, and marine 
coverage. The 2-LF was not a popular 
accessory. 

Lab Measurements and Observations 

Now let’s look at some lab measurements 
for each of these receivers to assess general 
performance and see how well Drake did at 
improving the 2-Series over the 1-A’. To 
make the comparison more interesting, lab 
measurements were also made ona Collins 
75S-3. In the 21* century it is customary 
for many of these measurements to be made 
at a narrow bandwidth of 400-500 Hz. 
However, the 1-A has only one bandwidth 
of about 2.5 kHz, so all receivers were 
tested in their SSB bandwidth positions 
(2.1 to 2.5 kHz) in order to havea more fair 
comparison to the 1-A. AVC was off or 
disabled unless otherwise noted. This data 
should be considered as fairly representative 


of performance, as each radio had been 
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BDR @ 100 kHz 


woe ake bee aw 
118 
104 


Notes @ 10 dB N+3 dB for 1 dB compression for 1 dB compression 
S+N)/N 


Table 1: The Drake sensitivity, MDS, and BDR are compared with a Collins 
75S-3. The 2-Series is about 13 dB and 20 dB better than the 1-A at 20 kHz 
and 100 kHz spacings respectively. The 2-Series BDR continues to improve 
the farther away interference is from the tuned frequency, which is not 
generally true for the 1-A. This is a notable improvement and correlates well 
with the bandwidth sweeps of figure 4. This improvement was necessary to 
mitigate a serious defect in the 1-A, and was one of the prime objectives of 


gees. Sensitivity BDR @ 20 kHz 
Vv dBm dB 
3 


=a 


the 2-A design. 


fully restored prior to the measurements. 
Table 1 lists the measured sensitivity, 
Minimal Discernible Signal (MDS) and 
Blocking Dynamic Range (BDR), each 
figure an average over five bands. The 
sensitivity was measured at 10 dB (S+N)/ 
N, and the BDR measured for 1 dB 
compression of the desired signal with the 
interfering signal at 20 kHz or 100 kHz; 
the customary 2 or 5 kHz spacings are not 
practical for testing in these receivers at the 
SSB bandwidths. MDS and sensitivity are 
slightly poorer on the 2-Series compared to 
the 1-A, but still quite adequate since they 
are less than typical atmospheric noise when 
connected to an antenna on most bands. 
The slightly less sensitivity was traded 
towards notably better BDR, being 13 dB 
better at 20 kHz spacing and 20 dB at 100 
kHz. Notice that the 1-A has essentially the 
same BDRat 20 kHzand 100 kHz, which 
is not a surprise in view of the broadband 
RF and 1“ IF stages. The 2-Series BDR is 
better at 20 kHz spacing and continues to 
improve the farther the interference is 
separated from the desired frequency, 
which is expected with the tuned stages. In 
the practical world, this data suggests that 
an S9+40 dB signal 100 kHz away would 
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begin to compress an S1 signal on the 1-A, 
whereas the 2-Series interfering signal 
would have to be greater than S9+60 dB to 
cause the same level of compression; which 
radio would you prefer to be running at 
your club’s Field Day? The 2-Series radios 
are better than the 75S-3 for BDR, which 
is slightly better than the 1-A (the 75S-3 
has a broadband 1* IF, 200 kHz wide in 
this case; however, it hasa preselector rather 
than a broadband RF). 

Drake designed the 2-Series as an 80 M 
dual conversion receiver with a down- 
converter inserted ahead for the higher 
bands. As a result of this design choice, 
strong signals on 80 M can bleed through 
on the higher bands. Table 2 summarizes 
this bleed through for each band, showing 
the strength of the 80 M signal required to 
appear at 3 dB above the noise floor on the 
desired band. The 40 M band is the worst 
for bleed through at 69 dB. In practice, this 
means that an approximately $9+20 dB 
signal on 80 M will just appear above the 
noise on 40 M. This parameter improves 
through the higher bands, becoming 88 
dB on 10 M, foran S9+40 dB 80 M signal 
to be noticeable. The 2-Series rejection of 


455 kHzon 80 M is 108 dB, which should 
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Table 2: The IF rejection generally meets specifications, but 80 M bleed 
through may prove problematic under certain conditions with the 2-Series 
on 40 M. The Drakes are not quite up to the Collins except on 80 M, where 


the Collins has a known design deficiency in 1* IF selection. 


not present any issues even in the most 
challenging situations. These numbers are 
not quite as good as the 75S-3, which is 
pretty good on all bands except 80 M, 
where the Collins 1 IF is near enough to 
the low end of the 80 M band that bleed 
through is significant; this is a well known 
design issue with the Collins S-Line and 
KWM.-2 series’. 

Table 3 lists the image rejection for each 
band. These are adequate and generally 
meet their -60 dB spec. Image rejection 
becomes worse, as expected, with increasing 
operating frequency, since the frequency 


difference between desired signal and image 
becomes a lower percentage of the operating 
frequency. The 1-A isa little worse than the 
others due to its lower 1* IPF. S-Meter 
compliance to 50 pV (-73 dBm) for S9 is 
also shown in this table. 

The 1-A did not offer 160 M coverage, 
nor did the 2-Series. This choice simplified 
the design somewhat, but was largely driven 
by the recognition that 160 M was 
essentially unusable for amateur 
communications in the fifties and sixties 
due to interference from the LORAN 


navigation system, with whom amateurs 


758-3 
(dB) 


band-to-band: -1/+8 dB 


band-to-band: -0/+10dB 


for -73 dBm signal 
AVC on 


(calibrated per manual) 


Table 3: Image rejection generally meets specifications, becoming poorer on 
the higher bands. Fortunately, there are generally fewer signals in image 
range above 20 MHz, so this is not much of a problem in practice. The 1-A 
has superior S-Meter accuracy to a -73 dBm (S-9) signal, though the 2-C 
would be its equal if the S-Meter Sensitivity were adjusted to be calibrated 
at S-9 rather than following the manual procedure. 
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shared the band on a secondary basis. 
Regional frequency and power restrictions 
further discouraged 160 M usage. Drake 
was not alone in this trend, as most major 
manufacturers were dropping 160 M from 
their new products as of the late fifties. 160 
M began it’s rebirth as the top band we 
enjoy today following LORAN’s phase out 
in 1980. The first Drake receiver to have 
160 M was the R-4, offered as an AUX 
band capability rather than a mainstream 
band. The TR-7 and R-7 were the first 
Drakes to offer 160 M as a standard band 
in the late seventies. 
Comparison with the R-4 

The R-4 replaced the 2-B in 1965 and 
represented a significant change, both in 
styling and architecture, just as the 2-A had 
to the 1-A. The R-4 retained the proven 50 
kHz passband tuning scheme and dual- 
loop AVC system, though changes were 
again made to the front-end to further 
improve rejection of artifacts from strong 
off-channel signals as well as to mitigate the 
80 M signal bleed through. Most notably, 
Drake abandoned the first conversion 
crystal oscillator, second conversion variable 
oscillator architecture with a new approach 
wherein the crystal oscillator and VFO 
were separately premixed and the result 
injected into the signal path. This approach 
allowed the R-4 to take on a strictly dual 
conversion architecture for the signal path 
while retaining the benefits ofa fixed range 
VFO. This reduced undesirable birdies, 
spurs, noise and improved dynamic range 
by eliminating a signal path mixer. It also 
created the opportunity to have a relatively 
selective crystal filter inserted in the signal 
path closer to the antenna than ever before, 
which further improved BDR and IMD 
performance (today we call this a “roofing 
filter”). The new heterodyne scheme also 
allowed Drake to again offer same direction 


tuning on all bands. The R-4 was the first 


Electric Radio #325 


Drake receiver to offer an effective, all 

mode analog noise blanker. The RF GAIN 

and bias circuits returned to relatively lower 

impedance circuitry to reduce susceptibility 

to leakage issues, but retained what had 

become legendary AVC performance. 
Cook’s Choice 

The 1-A is my favorite of these receivers 
for casual SSB operation; its clear audio, 
velvety smooth tuning and slow tuning 
rate (less than half that of the 2-Series) 
make it a delight to use; the 2-Series tunes 
too quickly for my taste. The 2-B is clearly 
the best all around radio, especially if one’s 
interests include more serious CW, DXing, 
and sixties era contesting; it also serves the 
three popular modes well. The 2-C was 
probably the finest entry level radio that a 
sixties ham could find for the price, but the 
simplifications taken made it less versatile 
for the serious operator. In any case, Drake 
continued to provide well balanced designs 
through each of these radios: no money was 
wasted on unnecessary frills, and yet no 
cost was spared to provide best-in-class 
performance. 

Footnotes: 

1) The Drake 1-A Receiver, Tom Rousseau, 
K7PJT, Electric Radio, March 2013, #286. 

2) The archaic “kc” is used in the context 
of proper names only. 

3) The 1-A article’ incorrectly reported the 
NC-300/303 as not having a product detector. 
Each did, in fact, have a product detector 
(referred to as a heterodyne detector in the 
NC-300). 

4) Compare to figures 10 and 11 in the 1- 
A article’. 

5) Lab measurements were made using the 
following equipment: 2 each, HP 8642B 
signal generators; Mini-Circuits ZFSC-2-4+ 
combiner; Heathkit IM-5238 AC Voltmeter; 
Rigol DSA-815 spectrum analyzer; Audio 
Precision APx-525 analyzer; Tektronix 7854/ 
7A13 oscilloscope. 
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The Octal Tri-Bander SSB Transceiver 


By Mike Bohn, KG7TR 
Mesa, AZ 
Bohn48@msn.com 


Introduction 

The photo section of the November 
2015 issue 318 of ER presented a sneak 
preview of my latest homebrew creation, 
the Octal Tri-Bander Transceiver. The 
photos showed the partially completed 
radio being displayed at the 2015 Williams, 
Arizona hamfest. It is now totally completed 
and is shown in figure 1 and on the cover 
of this issue. This radio is a follow-on to my 
Octalmania set described in the August, 
2011 issue #269 of ER. Like Octalmania, 
this homebrew transceiver uses only octal 
tubes, 19 of them. It covers the 80, 40 and 
20 meter bands, operates on single sideband 


only, and delivers 100 watts PEP output. 
This is a single conversion radio based ona 
9 MHz intermediate frequency. A modern 
Inrad crystal filter provides 2.1 kHz 
bandwidth for both receive and transmit. 
Vintage ARC-5 Command transmitter 
components were used to build a stable 


VFO covering the 5.0 to 5.5 MHz range. 


Figure 1: The Octal Tri-Bander 


Transceiver 
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Figure 2: Transceiver Top View 
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POWER SUPPLY/SPEAKER 
HOMEBREWED BY KG7TR 


Figure 3: The Power Supply/Speaker Unit (PSSU) 


Although all of the tubes used were in 
production by 1952 or earlier, the 
performance of this radio is on a par with 
any of the tube-type SSB radios built into 
the 1970s. 

The majority of this transceiver uses 
proven designs from the Octalmania radios, 
with common circuitry such as the SSB 
filter, first IF amplifier, VFO and BFO 
sharing both receive (Rx) and transmit 
(Tx) functions. 80 and 20 meters are 
covered by mixing the 5 MHz VEO with 
the 9 MHz IF. Since 40 meter coverage was 
not part of the Octalmania design, a new 
premixer/buffer circuit was developed for 
this project to provide 16.0 to 16.5 MHz 
injection frequencies for transceiving in the 
40 meter band. All power for the transceiver 
comes from a matching “Power Supply/ 
Speaker Unit (PSSU),” 
A digital frequency readout is used to 


provide accuracy of better than 100 Hz. 
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shown in figure 2. 


This allows more practical operation in the 
and avoids the 
complications of trying to homebrew a 
linear VFO and mechanical readout that 
could never achieve this kind of accuracy. 


modern environment, 


The cabinets for the transceiver and 
PSSU are custom homebrew designs. They 
use aluminum angle stock, aluminum 
perforated sheet, and lots of stainless steel 
machine screws that fit into drilled and 
tapped holes. The front panels were painted 
light gray, labeled with custom-designed 
water-slide decals and then sprayed witha 
matte finish. 

This is not intended to be a full 
construction article. Detailed information 
including the parts lists, full schematics, 
circuit descriptions, and homebrewing 
techniques used to build this transceiver 
are available on my website at 
www.kg7tr.com. 
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Figure 4: In this view under the transceiver’s chassis, to the upper left are 
shown the transmitter PA circuits and the loading capacitor, lower left are 
transmitter audio and SSB generator circuits, in the center are receiver and 
transmitter bandswitched circuits, lower right is the VFO and re-purposed 
Command set parts, and upper right is receiver IF, AGC and audio circuits. 


Mechanical Layout 

This is a big radio that uses conventional 
rack panel and chassis construction popular 
with homebrewers of the vacuum tube era. 
The transceiver is built ona 13x 17x4 
inch chassis mated toa 10.5 x 19 inch rack 
panel. In the cabinet the radio measures 
19W x 11H x 13D. The PSSU is built on 
ail0 x 12.%'3. inch ‘chassis.:lwwequired 
fabrication of a custom 12 x 10.5 inch 
front panel. With a cabinet, this unit 
becomes a 12 inch cube. 

The transceiver top and bottom views 
are shown in figures 3 and 4 respectively. 
Much thought went into laying out the 
radio. A major challenge was locating the 
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Rx/Tx common circuitry so that wire 
lengths could be kept as short as possible. 
Another goal that was successfully achieved 
was placement of receiver controls on the 
left side of the front panel, transmitter 
controls on the right side, with the 
bandswitch smack in the middle. 
Topside, the power amplifier tubes and 
pi-net components are enclosed in a 
ventilated 6 x 6 x 6 inch cage at the right 
rear of the chassis. The interior of the PA 
cage is shown in figure 5. The design of the 
PA was copied from an Eldico T-102 
transmitter that I have. Use of a rotary 
inductor avoids the mechanical and 
electrical complications of having to 
June 2016 
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Figure 5: Interior of PA Cage 
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Figure 6: Typical Removable Bandswitch Section 


with the 17 turn rotary 
inductor as only 11 
turns of the inductor 
range are actually used 
to cover 80, 40 and 20 
meters. 

The four inch chassis 
height allows the ARC- 
5 VFO components to 
be flipped over from 


their positions in the 


original donor 
equipment, as 
evidenced by the VFO 
capacitor, visible 


topside in the lower left 
portion of figure 3. This 
gets the main frequency 
tuning knob up higher 
in a more usable 
position. Stainless steel 
Y4-inch shafts riding in 
panel bearings and 
mated with flexible 
couplings are used to 
reach the PA rotary 
inductor and the four 
variable capacitors that 
are adjustable with front 
panel knobs. The seven 
coil cans visible topside 
contain 9 MHz toroid 
coils. Six of these also 
contain trimmer 
capacitors. The cans 
were scavenged from an 
RF unit from an airborne 
transceiver. All ceramic 
trimmers used 
throughout the radio 
came from the same 


bandswitch the PA coil. Note the turns source. 

counter that drives the rotary PA inductor. Underneath the chassis in figure 4 can be 
This assembly was designed foral5 turn __ seen several shields separating the various 
precision potentiometer, butitworksfine circuits into compartments. These were 
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Figure 7: Rear View of Transceiver 


fabricated using ¥2-inch aluminum angle 
stock that is .063 thick and some .063 
tempered aluminum sheet. Either pop rivets 
or machine screws and nuts were used to 
fasten them all together. The bandswitched 
circuits run along the chassis center-line 
from front’ to. back; and are 
compartmentalized to separate active 
circuits from one another. From front to 
back, these are the Rx RF amplifier, Rx 
mixer, Rx/Tx premixer/buffer, Tx mixer 
and Tx driver. A total of seven ceramic 
switch wafers are used, each with one to 
three poles of contacts. The wafers were 
mounted to shields that can be removed for 
access to the bandswitched components or 
the circuitry underneath. A typical 
removable section is shown in figure 6. 
Here you can see the typical mounting used 
for the toroid coils used in the bandswitched 
sections, as well as the IF cans. Mounting 
posts made from 3/16-inch fiberglass rods 
are increased in diameter with some masking 
tape to allowa tight fit of the wound toroid. 
Each post is then pushed into a rubber 
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grommet and secured with cyanoacrylate 
adhesive (a.k.a “Super Glue”). Epoxy is 
used to secure the toroid itself to the post. 

As can be seen in the upper left of figure 
4, the PA loading capacitor was mounted 
below chassis in its own compartment in 
order to simplify the overall layout. To the 
right isa compartment for the PA tubes. In 
the lower left of the chassis is another 
compartment containing the transmitter 
audio amplifier, tone oscillator, balanced 
modulator, BFO and 21.5 MH zoscillator 
circuits. In the lower right compartment of 
the chassis are the ARG@=s5 yr 
components. Inside the oblong can are the 
coil and range set capacitor from the original 
WWII radio, mounted underneath the 
chassis for this application as mentioned 
before. Behind the VFO are several 
compartments separating the IF amplifiers, 
AGC amplifier, product detector and Rx 
audio amplifiers. 

The rear of the transceiver is shown in 
figure 7. All controls and jacks are labeled 


with decals. Separate controls are used to 
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zero the meter in AGC (Rx) and ALC (Tx) 
modes. Power comes in on an 11 pin 
connector. Pin connections are identified 
ona decal next to the connector. The rear 
bearing of the bandswitch shaft can be seen 
in the center of the chassis. This view also 
shows typical construction of the cabinet 
frames. 

The bottom of the PSSU is shown in 
figure 8. The four large electrolytics, 
rectifier diodes and terminal standoffs are 
mounted on a piece of blank fiberglass 
board cutand drilled to fit the components. 


Electric Radio #325 


Figure 8: PSSU Bottom View 


seeds 


The components are interconnected on 
the opposite side using point to point 
wiring, and the whole assembly is mounted 
to the chassis on threaded aluminum spacers. 
The only other item of interest here is the 
¥% x 1/8-inchangle stock running sideways 
across the chassis. This angle picks up 
mounting bolts from the two transformers 
at the rear to strengthen things. 

I have found that larger aluminum chassis 
typically available today are made from 
relatively thin, soft aluminum (I suppose 
they always were). They do not support 
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heavy components very well, particularly 
as you move away from the chassis edges. 
Additional bracing is required to keep stuff 
from flexing during handling, which can 
lead to broken wires and components. The 
transceiver chassis ended up being pretty 
stiff as a result of all the shields firmly 
mounted underneath the chassis. The 
cabinet frames and their panels provide a 
lot of additional sheer strength. When they 
are in place the radios are solid as bricks. 

Another feature I have incorporated into 
my radios is a 1/8-inch thick aluminum 
strip that is fastened along the bottom 
chassis edges with countersunk machine 
screws. They are visible in the photos. The 
bottom covers are then fastened to these 
strips using machine screws threaded into 
drilled and tapped holes. With this 
technique the more common method of 
using sheet metal screws is avoided. I am 
not a fan of sheet metal screws, especially 
when they are used with thin, soft 
aluminum on assemblies that require 
frequent removal and installation. We all 
know how that ends up. 

Cabinet Construction 

The cabinets are constructed on frames 
built primarily from one inch angle stock 
that is 1/8-inch thick. This thickness 
allowed holes to be drilled and countersunk 
to fasten the corners together with smaller 
joiner pieces. The joiner pieces were cut 
from %4-inch angle and flat bar stock, also 
1/8-inch thick. They were drilled and 
tapped with 8-32 threads. The frames 
were then assembled using Phillips flat 
head machine screws. All pieces were aligned 
and clamped together before drilling. 
Subsequent countersinking and use of 
countersunk screws locates all pieces 
precisely without the need for any 
adjustments, and allows the panels to be 
mounted flush to the angle stock. 
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With the frames completed, top, bottom 
and side panels were cut to size from .063 
inch thick perforated aluminum sheet and 
temporarily taped into place after squaring 
up all three axes. Then pilot holes were 
drilled through existing holes in the sheets. 
These holes were then tapped with 6-32 
threads and the panels fastened with pan 
head Phillips screws. 

The sides of the front rack panels were 
fastened to the frames using %4-20 pan 
head Phillips screws. The front frame pieces 
were drilled and tapped to accommodate 
these screws. Across the top 8-32 
countersunk screws fasten the top frame 
ptece to the front panel, again with the 
screws providing precision location. 

Small angle stock brackets are fastened to 
the rear sides of the chassis. These were 
drilled and tapped to receivea “4-20 screw 
through the rear of each side of the cabinet 
frame. 

Atthe end of the day, if it weren't for the 
oddball size of the PSSU, I would have 
been better off in terms of time and money 
buying commercial rack cabinets. But then 
they would have been larger and heavier 
than my designs, and the radios would 
have been somewhat less than 100 percent 
homebrew! 

Block Diagram Circuit Description 

A block diagram of the transceiver is 
shown in figure 9 and schematics of the | 
receiver, transmitter, and VFO circuits are 
shown in figures 10, 11, and 12. This 
radio uses independent tuned circuits for 
the receiver front end and the transmitter 
driver and PA, instead of sharing them as 
was typical in a lot of the old commercial 
transceivers. Although it takes a few 
additional parts and requires an extra tuning 
control, I figured in the end it would be less 
trouble to do it this way. Starting at the 
lower left of the diagram, the antenna jack 
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Figure 9: Transceiver Block Diagram 


is connected toa T/R relay. In the Rx mode 
the antenna is routed to bandswitched LC 
circuits that feed RF amplifier V1. The 
output of V1 is run through another set of 
LC circuits and then on to mixer V2. The 
LC circuits are tuned by a dual section 
variable capacitor brought out to the front 
panel as the "REGED ER 
PRESELECTOR’ control. AGC is applied 
to V1. 

V2 is a pentagrid mixer that combines 
the amplified RF from V1 with a mixer 
injection voltage from bandpass circuits in 
the output of V10. The injection frequency 
is 5.0 to 5.5 MHz for 80 and 20 meters, 
and 16.0 to 16.5 MHz for 40 meters. The 
output of V2 isa9.0 MHz IF signal that is 
applied to the crystal filter through a 
matching transformer and a T/R relay. 
This is a very small DPDT relay with gold 
alloy contacts that is designed for “dry” or 
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low level signal switching. This same type 
of relay is used several places. In this circuit 
one set of contacts in the relay switch the 
signal going into the filter between the 
receiver mixer and the transmitter balanced 
modulator. The other set of contacts short 
the unused signal to ground (i.e, in Rx 
mode the balanced modulator output is 
shorted to ground, in Tx mode the RX 
mixer output is shorted to ground). 

The output of the crystal filter is applied 
to the grid of V3 through another matching 
transformer. V3 functions as an IF amplifier 
for both Rx and Tx modes. Another T/R 
relay contact set switches gain control of V3 
between AGC for Rx and ALC for Tx. This 
isa common technique used in transceivers 
like this (e.g., KWM-2, SB-100, etc.). In 
Rx mode the output of V3 is fed to V4 and 
V5. V4 is an IF amplifier whose output 
goes to V6, the product detector. V5 is a 
high gain AGC amplifier whose output is 


June 2016 on 


rectified to generate the Rx AGC voltage. 
This voltage is fed to V1, V3 and V4, and 
holds the audio output level virtually 
constant oncea threshold ofa few microvolts 
of RF at the antenna is exceeded. Negative 
bias from the IF GAIN control is added to 
the AGC voltage to control overall gain. 

V6 serves as a product detector, with the 
9 MHz IF signal applied to the grid and 9 
MHz BFO fed to its cathode. Audio is 
recovered and filtered at the plate, and then 
coupled to the AF gain control. From here 
it goes to V7’s grid where it is amplified and 
fed to V8, the audio output amplifier. 
Output of this stage is transformer coupled 
to a speaker or headphones. 

For the Tx mode, audio from the 
microphone is amplified by both triode 
sections of V13, and then applied to the 
mic gain control through small signal relay 
contacts when the FUNCTION switch is 
in the in the PTT or MOX position. When 
this switch is in the TUNE or LOCK KEY 
positions, V14 tone oscillator is turned on 
and its output is applied to the MIC GAIN 
control through the relay contacts. The 
signal at the wiper of the MIC GAIN 
control is amplified by V11A and coupled 
to the balanced modulator through an 
output transformer with 600 ohms output 
impedance. 

V 12 generates the BFO/Carrier signals. 
The NORMAL SIDEBAND switch on the 
front panel selects the correct crystal for 80 
and 40 meter LSB, and 20 meter USB. 
Output from this stage is coupled through 
a matching transformer to the Rx product 
detector and the Tx balanced modulator. 

The balanced modulator is a ring-diode 
type using four 1N914 diodes. Its double 
sideband output, absent the carrier, is 
transformer coupled to the input of the 
crystal filter in the Tx mode via T/R relay 
contacts. The filter removes the unwanted 
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sideband from the balanced modulator 
DSB signal. | 

In the Tx mode the 9 MHz SSB output 
of V3 is picked off from a link on the IF 
coil and coupled to one of the grids of V15. 
The other grid of this tube is fed the mixer 
injection voltage from the bandpass circuits 
in the output of V10. The cathodes of 
V15 are connected together as are the 
plates. Mixing action in this stage produces 
the desired SSB signal. An 80, 40 or 20 
meter LC circuit is selected@byethe 
bandswitch to filter the output of V15. 
The resulting signal is fed to the grid V16, 
where it is amplified to a level suitable for 
driving the PA grids. The output of V16 
is also filtered by LC circuits selected by the 
bandswitch and coupled into the grids of 
V17 and V18. The LC circuits at the input 
and output of V16 are tuned by a dual 
section variable capacitor brought out to 
the front panel as the TRANSMITTER 
DRIVER control. 

PA tubes V17 and V18 are connected in 
parallel and amplify the SSB signal from 
the driver to 100 watts PEP. Their output 
is coupled through a pi network to the 
antenna through contacts on the T/R relay. 
In addition to variable input and output 
capacitors, the pi network uses a variable 
inductor. 

If the PA tubes are over driven such that 
grid current flows, this signal is rectified to 
produce a negative ALC voltage that is 
applied to V3 in the Tx mode through 
transmit/receive relay contacts. The 
negative voltage reduces the gain of V3 to 
help prevent over drive conditions. 

V9 serves as a stable Colpitts oscillator 
whose output varies from 5.0 to 5.5 MHz. 
Output from the cathode of V9 is coupled 
to the grid of V10. On 80 and 20 meters 
V 10 operates as a straight through buffer. 
The output of V10 on these two bands is 
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applied to a 5.0 to 5.5 MHz LC bandpass 
filter selected by the bandswitch, and then 
coupled to Rx mixer V2 and Tx mixer 
WS, 

On 40 meters, heterodyne oscillator 
V11B is turned on. The output of this 
oscillator is at 21.5 MHz. This signal is 
applied to the grid of V10 in addition to 
the VFO signal already present. On 40 
meters V10 becomes a mixer with an output 
of 16.0 to 16.5 MHz. This signal is filtered 
by a LC bandpass filter selected by the 
bandswitch and sent to the grids of V2 and 
V15. 

A small pickup wire is mounted next to 
the main VFO coil. This signal is sent to the 
digital frequency counter/readout, where a 
programmed IF offset is selected by the 
bandswitch to produce the correct output 
frequency display. Since this counter only 
allows one offset per band, the value for the 
“normal” sideband is programmed. If the 
reverse sideband is selected (e.g., USB on 
80 meters) a readout error will result. 

V19 provides regulated +150 volts to 
the three oscillators: V9, V11B, and V12. 
Rx/Tx control is provided by several relays 
connected to the PTT line. 

The PSSU is a straightforward design 
using the “economy” configuration to 
produce both high and low voltage B+ 


from a single transformer winding. The 


supply also provides bias for the Rx and Tx 
circuits, and +20 VDC to operate the 
various relays. Two 4 inch speakers are 
connected in series for the receive audio. A 
design feature of the PSSU and transceiver 
allows powering only those filaments 
required for the Rx functions to save tube 
life. 
A Matching Linear Creates a 
Complete, Integrated SSB Station 
From the start of the transceiver project 
I had planned to build a matching, 
homebrew 813 linear amplifier. I started 
on the linear about two-thirds of the way 
through the transceiver build. The linear is 
now completed and is also covered in this 
issue of ER. The complete station is shown 
in figure 10. As can be seen, the linear 
matches the transceiver and PSSU in styling 
and cabinet construction. In fact, I built 
the linear cabinet first out of necessity. 

From start to finish, it took twelve months 
of almost full time effort to completé the 
transceiver, PSSU and linear, including all 
documentation. The result is an integrated, 
homebrew radio station that looks great 
inside and out, and works as great as it 
looks. 

For more information on these or any of 
my homebrew radios, you are invited to 


visit my website at www.kg7tr.com. 


ER 
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Figure 13: The Complete Homebrew Station with Matching Linear 
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Rebuilding Command 


By Joe Long, WA2EJT 
3111 King Street 
Endwell, NY 13760 
wa2ejt59@stny.rr.com 


Introduction 

In my update on rebuilding Command 
receiver capacitors appearing in October 
2015 Electric Radio| mentioned that Fred 
Smead (still not a ham) uses a saw with a 
very fine blade to open the capacitors, and 
that it would be worth investigating this 
method if only for the large triple section 
0.22MFD capacitor (C-16). Looking into 
a jeweler’s saw would have remained some 
way down on my project list, except for the 
fact that Fred sent me the two pieces of a 
capacitor that he had cut open using his 
saw so that I could see the raw results of 
doing it that way. Fred’s saw had done an 
excellent job and this result was the 
incentive I needed to try it myself. 

I don’t recall the last time I used a jeweler’s 
saw (or whether I had actually ever used 
one) so I had to investigate a bit before I 
bought one. You needa “frame” to hold the 
blade, and some blades. The frames come 
in several sizes. I settled on a small frame 
(24% inch deep) because you don’t need 
any depth to cut around the circumference 
of a capacitor. The blades come in a wide 
range of coarseness and I had no idea of 
which would be appropriate so I ended up 
buying half a dozen different blade sizes, 
running from #5/0 (very fine) down to #2 
(less fine). There are blades that are finer 
and coarser than those I bought, but luckily 
I ended up with the correct blades, as I 
explain below. Just getting a blade installed 
in the frame proved interesting - I needed 
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Set Capacitors: Update II 


Figure 1: The large Capacitor (C- 
16) that Fred sent me, after I filed 
and sanded to the point where it was 
ready for rebuilding. The right hand 
terminal had come loose and I 
epoxied it back into place. 
Unfortunately, I neglected to take a 
picture of the capacitor before I filed 
and sanded it. 


a magnifying glass to see the teeth clearly 
enough to get the blades installed with the 
correct orientation, and even with the 
magnifying glass the teeth on the #5/0 
blade are hard to see. 

There are any number of places to get 
frames and blades, and I settled on 


Teeth 
#6/0 75 
#5/0 70 
#4/0 66 
#0 -0.58mm | 58 mm 
#2 
#5 


per inch 
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Figure 2: The small wire-frame 
hacksaw with what had been my 
finest blade, and my new jewelers 
saw with a #5/0 blade installed and 
a #2 blade next to it. 


Figure 3: The #2 and #5/0 blades, 
dwarfed by the small wire-frame 
blade on the left. 


jewelerysupply.com (reference 1). A plus 
for the company is that their frames are 
made in Germany and their blades are 
made in Switzerland. But even so, this is 
not an expensive tool purchase - the frame 
cost less than 15 dollars (on sale) and the 
blades run between two and four dollars a 
dozen, depending on the size and whether 
they are onsale. Be careful about what you 
buy — in my investigating I ran across 
blades made in India, and I am sure that 
there are Chinese blades out there as well. 
Assume the worst if no mention is made of 
where the blades were made. 
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Figure 4: I used four or five different 
blades to cut open this capacitor so 
that I could directly compare the 
results obtained with the various 


blades. The cuts all look about the 


same. 


Results 

I used the #0 blade (a midrange one) on 
my first attempt and found that it worked 
nicely. I was able to saw around the capacitor 
in about five minutes and could keep the 
cut close to the flange. There was no problem 
with catching or binding that usually 
happens when you saw sheet metal. I then 
tried my finest (#5/0) blade on another 
capacitor. The #5/0 blade also worked well 
although I did manage to break one, which 
is not surprising when you consider how 
small it is. 

I then tried the remaining blades. The 
#2 (coarsest of my blades) worked well 
enough, but I could feel the beginnings of 
a tendency to catch. For that reason I would 
not bother with blades coarser than the #2. 
Any of the blades in the range I tested will 
work but I think that those around the #0 
size are most suitable fora couple of reasons. 
I have noticed that the teeth tend to fill up 
with brass and this tendency is more 
pronounced for the finer blades. The brass 
on the teeth can be partially removed by 
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Figure 5: Fred’s capacitor, now 
rebuilt and ready for installation in 
a Command receiver. The epoxied 
terminal (not visible here) held up 
well to the heat of soldering the 
capacitor lead to the terminal. The 
final result comes out the same and 
looks like this whether you use a 


jeweler’s saw or a tubing cutter. 


sawing ona piece hard wood - this is more 
effective on the coarser blades. The cut can 
tend to wander, and this tendency is also 
more pronounced with the finer blades. 
Last, the finer blades are more delicate and 
do require a light touch. Any impatience 
while using them will result in a broken 
blade. 

Comparison with a Tubing Cutter 

Keep in mind thata rebuilt capacitor will 
look the same irrespective of whether it was 
cut with a saw or tubing cutter. Once the 
capacitor has been opened the rest of the 
process is the same: file/sand everything 
flat, install the capacitors and epoxy the 
pieces back together. 

Overall, the tubing cutter and jeweler’s 
saw approaches are pretty well matched. 
The advantage of the saw technique is that 
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it will work on C-16. The saw will cut a 
little closer to the flange, but this difference 
is not too important because the tubing 
cutter can get to within about 1/32 inch of 
it. As a result, a little more filing on the 
flange is required if you use a tubing cutter. 
As I mentioned above, the saw blade 
(especially the finer blades) will tend to 
wander. Paying close attention will help to 
avoid this, but even if the cut ends up 
uneven it is easy enough to file everything 
flat again. The saw blades are delicate. 
That, along with their tendency to fill up 
with brass means that they will have to be 
replaced regularly, but at about 25 to 40 
cents each this is not really a problem. I will 
continue to use both methods until 
something better comes along - a Star Trek 
“matter transporter’ perhaps, or maybe a 
hand-held micro-laser cutting tool. 
Meanwhile, I will be rebuilding a lot of 
capacitors and generating no further ER 
updates on this subject, no doubt to the 
relief of the editor. 


References: 

1) Getting to the “tools” at the 
jewelerysupply.com website seems a little 
tricky. The following will get you there 
directly: 

http:// www.jewelrysupply.com/ 

Jewelry-Saw-Blades-and-Saw-Frames 
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The 2X-813 Linear Amplifier 


By Mike Bohn, KG7TR 
Mesa, AZ 
Bohn48@msn.com 


Introduction 

The 2X-813 homebrew linear amplifier 
shown in figure 1 was constructed to 
complement my Octal Tri-Bander 
Transceiver, also described in this issue. It is 
the same physical size and features identical 
styling. Electrically, the amplifier is very 
similar to my HB-600 linear covered in the 
February, 2013 issue of ER, and covers 80, 
40 and 20 meters. It is intended for SSB 
operation only. Whereas the HB-600 uses 
a pair of 572Bs, this amplifier uses a pair of 
813s. As in the HB-600, the grounded 
grid (GG) configuration is used. For 813s, 
that means grounding the screen grid and 
beam forming plates (called suppressor grids 
in RCA’s tube data) as well as the control 
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grid. When connected this way, it is 
surprising how closely the characteristics of 
the 813 match those of the 572B. 

When the HB-600 was constructed | 
procured a pair of Chinese 572Bs for it. At 
that time (2012 time frame) these tubes 
were in production, were relatively easy to 
find, and went for about $90 to $100 for 
a matched pair. Currently new Chinese 
tubes have limited availability, and are 
going for somewhat higher prices if you can 
find them. 

Meanwhile, after completing the HB- 
600 I developed a desire to build another 
linear using 813s. P've always liked the solid 
look and feel of an 813, and they have a 
great legacy — RCA introduced this tube 
just prior to WWII. If there is ever sucha 
thing as a beauty contest for vacuum tubes, 
surely the 813 would have to bea finalist. 
Of course beauty is in the eye of the 


Figure 1: The 2X-813 Linear Amplifier 
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beholder. 

So I started looking around for 813s at 
hamfests and on eBay. Eventually I acquired 
several tubes of mixed brands, as well as 
some genuine E.F. Johnson sockets and 
Millen plate caps. On eBay I was able to 
find two pairs of new old stock (NOS) 
tubes with matching date codes. One pair 
was made by Ken Rad and the other bears 
Westinghouse labels. I suppose it’s possible 
that all of these tubes were made in the same 
factory and individually branded for a 
variety of manufacturers. Prices for the 
hamfest tubes were quite reasonable. The 
NOS pairs found on eBay were close to the 
current price for a pair of new Chinese 
572Bs. In my opinion the 813 is a more 
rugged tube, at least the ones made through 
the 1970s. My experience so far indicates 
they are very conservatively rated, and for 
the most part are bulletproofin GG service. 

I still check hamfests, classified ham ads 
and eBay, and 813s show up all the time. 
There were lots of them made that 
apparently got snatched up by hams over 
the years. Whether due to an SK passing or 
just cleaning house, they are not too hard 
to find today. I think 813s offer a reasonably 
priced and classic way to homebrew a linear 
amplifier in the 600 watt PEP class. 

Additional information on this radio is 
available on my website at www.kg7tr.com. 

A Little History and Some References 

Research for this project consisted of 
what I could find on the Internet and going 
through my back issues of ER magazine 
dating to February, 1991. As far as I was 
able to determine, grounded grid operation 
of a pair of 813s first appeared in the mid 
1950s in the B&W L-1000-A amplifier. In 
the manual for this amplifier, B&W states 
in the amplifier circuit description that 
they conducted extensive testing of the 
813 and other tubes in grounded cathode 
and grounded grid configurations. They 
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go on to citea variety of reasons why a pair 
of 813sin GG is ideal for SSB transmitters 
available in the day. In 1959, an exact 
clone of this commercial amplifier was 
presented as a construction article in GE 
Ham News. Later issues of GE Ham News. 
included errata, recommendations for 
alternate parts, and operating information 
on 813s in grounded grid service. 

ER’s on-line directory was searched for 
the keyword “813” in all their back issues. 
Several articles described grid driven, plate 
modulated 813 amplifiers, which were not 
really relevant toa GG design. In the April, 
1998 issue, WASUEK presented a very 
interesting story about his restoration of an 
L-1000-A. The June, 2005 issue contained 
an article by W3BYM about his 
construction ofan 813 GG amplifier ona 
Heathkit SB-220 foundation. Of particular 
interest here was the author’s development 
of the tuned input circuits, which used 
techniques similar to mine. Finally, there 
was WAGVVL’s 813 GG linear described 
in the December, 2010 and January, 2011 
issues. This project was essentially a single 
tube clone of the original B& W amplifier. 

All of this data was used as background 
for the design of the 2X-813 amplifier 
described here. For readers interested in 
more details, the B&W manual and GE 
Ham News articles are available for 
download from the www.kg7tr.com 
website at the bottom of the 813 Linear 
page. Also available there is an RCA data 
sheet for the 813 from 1955. Worthy of 
note is that GG operation is not mentioned 
anywhere in the RCA data sheet. Later data 
sheets may cover GG, but I was not able to 
find any. The WA6VVL article in ER does 
show an RCA advertisement from CQ 
magazine, where they tout use of their 
813s in the new B&W L-1000-A. 

Also available on the Internet were a few 
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amplifiers. Some comments were positive 
and some negative. Of course the 813 was 
never designed for GG SSB service, and it 
can’t be expected to outperform, in every 
category, tubes like the 572B, 3-400Z, 3- 
500Z and other triodes that were. But 
despite the age of its design, it provides 
reasonable performance. The 813 certainly 
deserves a measure of respect even today. 

Tuned input circuits were not commonly 
used in the early GG designs, and the 
B&W amplifier does not have one. The GE 
Ham News version shows a pi net input 
circuit as an option. A tuned input circuit 
like that used in the 2X-813 does provide 
definite improvements in distortion and 
efficiency, and makes the amplifier easier to 
drive. In addition, the bias circuit used in 


those mid 20th century amplifiers seems a 
bit overpowered. I believe the 2X-813 
circuit design is a more sensible way to do 
it. 


Mechanical Layout 

Top and rear views of the 2X-813 
amplifier (with the cabinet removed) are 
shown in figures 2 and 3 respectively. 
Figure 4 shows the rear view with the 
cabinet installed. The amplifier is built on 
a 13x 17x43 inch chassis mated to a 
10.5 x 19 rack panel. The arrangement of 
the RF components topside results in 
reasonably short leads. Braided, tinned 
copper wire was used for the RF wiring. 
This might seem somewhat unusual, but 
the various components can move around 
relative to each other during handling. I 
didn’t want to risk breaking the RF choke, 
tubes, variable capacitors, bandswitch or 
anything else by using heavy, solid wire. 

The PA coil isa modified Illumitronic Pi- 
dux 2808D4 mounted on ceramic 
standoffs. The PA tuning capacitor is 
mounted on top of the PA loading capacitor 


Figure 2: Top View 
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Figure 3: Rear View 


and is a dual section transmitting variable, section 1,500 pF transmitting unit. A side 
100 pF persection. The rearsectionisused view of this arrangement is shown in figure 
on all bands, and the front section is 5. 

connected by the bandswitch on 80 meters A heavy duty, single pole, three position 
to provide additional tank capacitance. The —_ switch made by Radio Switch serves as the 
loading capacitor underneath is a single main bandswitch to select taps on the PA 


Figure 4: Rear View with Cabinet Installed 
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coil, as wellas the front 
section of the PA 
tuning variable. As in 
my previous designs, 
a servo wheel from the 
RC modeling hobby 
is attached to the rear 
of the Radio Switch 
shaft. This wheel is 
connected to another 
one below chassis by 
control rods. 
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in use. 

The tube sockets are 
mounted toa plate that 
is recessed about 1.5 
inches below the 
chassis. This allows a 
little more clearance 
between the plate caps 
and the top of the 
cabinet. A box fan 
mounted in the rear of 
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the cabinet blows 
directly on the tubes. 
The power supply 
components are on the 
7 — . —— right side of the chassis. 
Figure 5: Side View Showing C11 and C 12 Mounting Notable here is the use 


of an Antek toroid 


The wheel under the chassis is mounted transformer for the high voltage supply 
to the shaft of another rotary switch that __ that will be discussed later. 
selects the proper input circuit for the band In front of the transformer is the high 
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Figure 6: Bottom View 
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voltage doubler and filter board, mounted 
horizontally on threaded spacers. 

Three NOS Triplett meters with custom 
designed scales are used to monitor plate 
current, grid current and plate voltage. 
This eliminates the need fora meter switch, 
and allows monitoring of everything 
simultaneously. This is especially useful for 
tune-up, where it is important to monitor 
erid current and plate current together for 
proper loading. . 

The underside of the chassis is shown in 
figure 6. The recessed mounting of the 
tube sockets can be seen here. The filaments 
of the 813s require 10 volts at 10 amps 
total. In the early planning for this project 
I procured a pair of 5 volt/10 amp control 
transformers (Stancor P 6135) that were on 
sale at MPJA, with the idea that I could 
connect them in series to get the required 
voltage. MPJA no longer has stock on these. 
These transformers can still be procured 
from regular distributors, but the current 
street price of a pair will likely exceed the 
cost of a new 10 volt/10 amp transformer 
that might be available from other sources 
(e.g., Hammond). Still another way might 
be to modify the Antek toroid as discussed 
later. 

At any rate, I did end up using the two 
transformers in series and mounted them to 
the side of the chassis. The filament choke 
runs from a terminal strip between the 
transformers over to the center of the tube 
sockets. The filament choke itself is made 
from an inexpensive Amidon kit (P/N FLC- 
10). The part number suggests it is a 10 
amp choke, and it is wound with 14 gauge 
enameled wire covered with heat shrink 
tubing. I wasa little concerned about heat 
dissipation since the 813s would draw 
exactly 10 amps. But measurements of the 
voltage drop across each leg of the bifilar 
wound choke, with the parallel tube 


filaments as the load, indicate a total heat 
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dissipation of about 3 watts. This barely 
warms the choke. 

The input network is in front of the tube 
sockets. The switch linkage from topside 
can be seen near the front of the chassis. 
The LC circuit values were determined by 
experiment to arrive at the lowest SWR 
between the exciter and the linear. The 
three coils ended up being identical to the 
ones used in the HB-600. The capacitors 
are slightly different. All of this again 
suggests the 813s look a lot like 572Bs in 
GG service. 

To beef things up, a section of 1.0 inch 
by 1/8 inch thick aluminum angle stock 
runs sideways across the chassis and is 
secured every few inches with 6-32 screws 
and nuts. This angle also provides a 
mounting surface for the vertical plate used 
to mount the input bandswitch and coils. 
It was also necessary to provide a stiff 
foundation for the toroid transformer, 
which weighs 16 pounds and mounts with 
only a single bolt through its center. As seen 
in figure 6, a box structure beneath the 
transformer provides the necessary strength. 
To make the box, a right angle section was 
cut from an old TU-5 Tuning Unit chassis 
and firmly mounted to the chassis bottom 
and each side. A square plate of tempered 
.063 aluminum sheet was also mounted 
directly under the toroid and secured in 
each corner by 6-32 screws and nuts. The 
toroid was mounted using the steel disk, 
two rubber pads and mounting bolt 
supplied with it. The reinforcements ensure 
the heavy toroid stays put and does not 
rock from side to side. A 6 x 6 x 2 inch 
chassis mounted in the corner of the 
amplifier chassis could probably 
accomplish the same thing. 

Power control relay K1 is located inside 
the box against the side of the chassis. Soft 
start relay K2 isa plug-in unit mounted to 


the side of the box. T/R relay K3 is located 
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to the rear of the tube sockets between the 
RF input and output jacks. 
Construction of the cabinet is identical 
to the Octal Tri-Bander Transceiver and 
will not be discussed here. 
The Antek Toroid Plate Transformer 
My original intent for this project was to 
procure the same NOS plate transformer I 
used in the HB-600. But somebody beat 
me to the last one that Surplus Sales had in 
stock. So that led me to the line of toroid 
oftered, iby) Antek 


(antekinc.com). These are reasonably 


transformers 


priced and conservatively rated. The unit I 
ended up using is their P/N AN-8T800. 
This is an 800 volt-ampere (VA) unit with 
dual 120 VAC primaries, and dual 800 
VAC at .5 amp and 6.3 VAC at 4 amp 
secondaries. This transformer currently sells 
for $105 and can be shipped ina standard 
USPS mailer. With the exception of a 
hamfest bargain with no tax or shipping, it 
would be hard to find a cheaper way to get 
your hands ona plate transformer like this. 

Antek states their primary to secondary 
insulation is tested at 3,500 volts, but not 
specified is the insulation between 
secondary windings. In theory, the two 
800 volt windings could be connected in 
series and worked into a full wave bridge 
(FWB) rectifier with a capacitor input filter. 
This would yield about 2,250 volts DC 
under no load conditions. But it seemed to 
me that this could also put some pretty 
high peak to peak voltages between the two 
800 volt windings, depending on phasing 
and how they are physically wound. Maybe 
it would work fine, but I was not up to 
risking a disaster. Accordingly, I decided to 
connect the two windings in parallel and 
go with a full wave voltage doubler as used 
in the HB-600 anda bunch of commercial 
linears in this power class. The filter 
configuration would have been identical 
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with either configuration, so that was not 
a consideration. A FWB would require 
maybe a few more diodes, but that would 
be about it. 

In the end, the doubler circuit I used 
produces the same 2,250 volts no load. 
This drops to about 1,800 or so under a 
500 mA steady plate current, but some of 
this is due to line voltage dropping on the 
15 amp household circuit I am using. Given 
the size of the filter capacitors used, I do not 
believe a FWB would offer any additional 
voltage under load. The 813s will deliver 
about 500 watts of single tone output (for 
a brief tune-up period) with 1800 volts on 
the plates and 500 mA of plate current. 

The transformer also has dual 6.3 volt 
windings. These are connected in series 
and FWB rectified and filtered to provide 
-17 volts for the relay coils and PA transmit 
bias circuit. This is obviously a total 
underutilization of these windings, but 
they were there and I needed this voltage so 
I used them. 

In looking at the transformer, the low 
voltage windings are visible on the outer 
part of the core. There are only about nine 
turns of wire spread around the core to get 
6.3 volts. It seems perfectly feasible that 
one could wind about 14 or 15 turns of 
wire around this core and get 10 volts for 
the 813 filaments. There is plenty of steady 
state reserve power available in the 
transformer, so the additional 100 VA for 
the filaments should not bea problem. And 
the 50 VA available in the 6.3 volt windings 
is not even used. The wire could probably 
be 8 or 10 gauge, residential grade solid 
wire from the local home improvement 
store. Alternately, two side by side windings 
with smaller wire connected in parallel 
could be used. Of course all of this would 
need to be determined experimentally ahead 
of time. 
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Figure 7: 2X-813 Schematic Diagram 


Circuit Description the end of this article. When the linear is 
Refer to the figure 7 schematic for this not keyed, RF input from the exciter at J1 
discussion. A parts listis also provided near _is routed through K3 contacts back out 
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through J2. When the amplifier is keyed by 
grounding the coil of K3 atJ3, RF from the 
exciter is coupled to the filaments of V1 
and V2 through a pi-network matching 
circuit selected for each band by S5. The 
filaments are isolated from RF by RFC1. In 
transmit, grid bias from the wiper of R8 is 
applied to the tubes through a one ohm 
meter shunt and RFC3. The screen and 
suppressor grids on pins 5 and 3 respectively 
are grounded directly at the tube socket. 
Each signal grid on pin 4 is grounded for 
RF by a .001 pF disc ceramic capacitor. 
The 51 pF ceramic capacitor also connected 
to ground is there because it was used in the 
circuits described in the references. It was 
probably used to tame an oscillation on 10 
meters. I don’t know if deleting would 
have any effect on 20 meters and below. 

The plate circuit is shunt fed nominal 
2,250 volts DC through RFC2. RE at the 
plates is coupled through C9 and C10 to 
the pi-network output circuit. The input 
is tuned by C11 and the output by C12. 
S4 shorts out sections of L4 on 40 and 20 
meters, and adds the additional section 
C11B to the plate tuning capacitance on 
80 meters. C12 isa 1,500 pF transmitting 
variable and somewhat overkill in this 
application. A multi-section BC type 
variable would also work. RF output is 
routed from C12 through K3 toJ1. RFC4 
is the standard safety choke to keep DC 
from appearing on the output. 

The amplifier does not exhibit any 
instability, which could be a result of 
limiting it to 20 meters and below. Standard 
parasitic suppressors are used at the tube 
plates, but the amplifiers described in the 
references do not have them. They might 
not be needed in this application either. 

The power supply is a voltage doubler 
similar to the SB-200, 30L-1 and other 
popular amplifiers in this power class. 
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Transformer T'1 was described previously. 
The effective capacitance across the plate 
voltage is 45 pf, so during SSB voice 
transmission the PEP is easily maintained 
at 600 watts. No automatic level control 
(ALC) was incorporated into this amplifier. 

The ~ metering © (Citeipeammiegre 
straightforward. “Glitch” diodes are 
connected across all meters and R9 to protect 
things in case a tube or other component 
shorts out. The 15 ohm resistor in series 
with RFC2 is also intended to provide 
some protection in a short circuit. In 
addition, this isa wirewound resistor so it 
acts likea choke. Bypassing it on both sides 
with 2200 pF capacitors provides 
additional filtering to keep RF out of the 
power supply. 10.5 Meg precision resistors 
were used for the plate voltage meter because 
I had a bunch of them in the junk box. 10 
Meg resistors could be used with proper 


selection of the 4.7k resistor across the 


meter to provide 3,000 volts full scale. 

Note that in this design, operation on 
240 VAC is feasible by series connecting 
T1’s dual primaries and series connecting 
the primaries of T2 and T3. The soft start 
circuit would need modifications, and K1 
and the fan would need to be changed to 
240 VAC units. 

The coil of T/R relay K3 is energized for 
transmit by grounding the ANT RELAY 
line at J3 just like most other linears. Because 
of the bias arrangement, -17 volts DC is 
present on this line in standby. The current 
is only 100 mA when the line is grounded, 
so any exciter that uses a relay to key an 
external linear will work fine. The 
secondaries of T'1 are also used to power the 
12.6 VAC winding of T4. Its 120 volt 
winding is half wave rectified, filtered and 
voltage divided to provide about -58 volts 
cutoff bias to the tubes in standby. In 
transmit this bias line is connected by K3 
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contacts to the wiper of R8, and can be 
varied from 0 to about -5 volts. This allows 
setting the idle plate current to 40 mA, as 
_ recommended for SSB linear amplification 
in the references. Because of the resistances 
involved, the -58 volts from the standby 
bias circuit has negligible effect on the 
voltage at the wiper of R8 in transmit. 

On the power input side of things, a 16 
gauge power cord feeds a 10 amp circuit 
breaker for the plate transformer and a 3 
amp breaker for all other circuits. The 10 
amp breaker used for the HV supply is 
adequate given that a soft start circuit is 
used for initial turn on. 

S1 energizes K1, which puts AC from 
the 3 amp breaker on the primaries of T2, 
T3, and the box fan identified as “B” on the 
schematic. When S1 isin the on position, 
green LED D2 illuminates. The 620 ohm 
resistor in series with the fan slows it down 
for quieter operation. This resistor has to be 
selected for the particular fan in use. For 
operation under adverse conditions such as 
extended tune-ups, testing or hot ambient 
temperatures, the fan can be run at full 
speed by closing S3. 

K1 also makes AC available from the 10 
amp breaker to the slow start circuit at S2 
and K2. If AC is present and S2 is turned 
on, AC is applied to T1 primary through 
the 10 ohm, 20 watt resistor to slowly 
charge up the high voltage filter capacitor 
string. AC is also applied through a diode 
and 1.0k, 20 watt resistor to the coil of K2, 
which is shunted by a 4,700 pf capacitor. 
It takes about three seconds for this capacitor 
to charge to a voltage high enough to pull 
in the armature of K2. When this happens 
the 10 ohm resistor is shorted out by K2 
contacts and full AC is applied to T2’s 
primary, just as the high voltage has reached 
about 2,000 volts. 

Another set of contacts on K2 illuminates 
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red LED D1 and makes -17 volts available 
to T/Rrelay K3 and the bias circuits. This 
arrangement prevents keying the amplifier 
and applying grid drive until full high 


voltage is available. This implementation 


_ provides two important protection 


functions. First, if drive was applied and 
plate current drawn before K2 closes, the 
10 ohm 20 watt resistor in the soft start 
circuit could burn out due to the extra load. 
Second, inhibiting grid drive when plate 
voltage is not present helps prevent 
exceeding grid dissipation, since without 
an active plate circuit the grids can draw 
more current. This feature was not in my 
HB-600 design, but a retrofit is on the to 
do list. 

The steady state DC voltage on the coil 
of K2 is about 21 volts with $2 on. When 
S2 is turned off the coil and capacitor are 
discharged through a 15 ohm resistor to 
provide fast turn off. The control circuits 
are designed so that if S1 is off or either 
circuit breaker is open no high voltage can 
be generated. S2 can be left on at all times 
and the soft start feature will still work. 

The Final Tank Coil 
CAUTION! 

The next three sections include 
discussion of some generic testing and 
adjustment methods. Since any vacuum 
tube linear amplifier uses lethal voltages, 
use extreme caution if you find yourself 
working inside one. 

For this radio I used an Ilumitronic Pi- 
dux 2808D4 donated from K2RP’s stash 
of parts (Thanks again, Ron). Pruning this 
coil down to the final configuration was a 
two-step process. Before starting, I gathered 
up some small clips of the type used for 
tapping large air-core coils. These had to be 
filed down and insulated with paper strips 
in order to fit between the close windings 
of the 80 meter part of the coil. Flexible 
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4.68 inch muffin fan, 120 VAC 


C1 thru C6 270 uf at 500 VDC, snap in electrolytic (Nichicon 
LGN2H271MELC40, available from Mouser 


from Mouser) 
(Centralab 858S-1000) 


Cil 


C12 Transmitting variable, 1500 pf. Multi-section receiving type 
variable also suitable. 


from Mouser 
from Mouser 


12 
RCA phono jack 


16 turns #20 close wound on .5 inch diameter slug tuned form, 
National XR-50 


National XR-50 
National XR-50 


(llumitronic vari-pitch pi-dux P/N 2408D4, see photos) 


50 a panel meter, calibrated to 3000 VDC full scale 
1 ma panel meter, calibrated to 1000 ma full scale 
1 ma panel meter, calibrated to 100 ma full scale 


PCA PC2 4 turns #18, .3 inch diameter, .5 inch long, paralleled by two 
100 ohm, 2 watt carbon comp resistors 


R1 thru R6 35 kohm, 10 watt, wirewound (Ohmite 40F35KE, available 
from Mouser 


0.5 ohm, wirewound, 25 watt, 1% preferred, chassis mount 


Panel mount potentiomer, wirewound 


RFC1 Filament choke, #14 enamel bifilar wound on four inch ferrite 
rod type R61-050-400 (Amidon FLC-10 kit 
RFC2 Plate choke, 145 WH (National type R-175A) 


Table 1, Parts List for the 2x-813 Linear Amplifier: Parts in parentheses 
were used in the actual unit. 


N 


wire was attached to the clips and the three bands. With all power off, ten 250 
process was started. ohm/3 watt non-inductive resistors were 

First the cold tuning method wasusedto connected in series and connected from 
get rough placement ofthe coiltapsforthe the plate caps to ground. The resulting 
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Pi-wound choke, 


S183 


S2 
S4 
S5 
T 


.) mH 
Pi-wound choke, 2.5 mH 
/S1,83.=———sd|s SPST toggle, contacts 10A at 120 VAC 
DPDT toggle, contacts 10A at 120 VAC 


> re Single pole, 3 position rotary switch, heavy duty (Radio Switch 

Corp 

Pie str }0 von Double pole, 3 position rotary switch, mechanically linked to 
S4 

l Plate/filament transformer, toroid, 800 VA, dual 800 VAC at .5 

amps, dual 6.3 VAC at 4 amps, dual 120 VAC primaries. 
(Antek P/N AN-8T800, available from antekinc.com) 

gh Be. Control transformer, 120 VAC primary, secondary 5.0 VAC at 
10A (Stancor P-6135). See text for alternates. 


T4 Filament transformer, primary 120 VAC, secondary 12.6 VAC 
CT at .1A (Xicon 41FG100 available from Mouser) 


General Notes for Linear Parts: 
Fixed capacitors: Capacitors marked with an asterisk are silver mica, 500 volt 
minimum rating. Capacitors with a plus sign are electrolytic. Unless otherwise 
noted, all other fixed capacitors are disc ceramic, 500 volt rating minimum. 
Fixed resistors: Unless otherwise noted, resistors are 0.25 watt, 5 percent 
tolerance, carbon composition or carbon film. 0.5 and 1.0 watt are also 5 
percent tolerance, carbon composition or carbon film. 20 watt are wire 


wound. 


10.5 Meg resistors used in plate voltage meter circuit may be 10 Meg, 5%, .25 
watt. Select value of 4.7 k across meter to give correct reading. 

Diodes: With the exception of the HV doubler circuit, lower PRV diodes can 
be used in other locations. However, since 1N5408 and 1N4007 diodes are 
only pennies apiece in quantities of 100, no alternates are specified. 


2,500 ohms is pretty close to the operating 
plate load impedance for the 813s. All 
components were in place in the plate, grid 
and filament circuits, including tubes. A 
small amount of RF from my Drake TR 5 
solid state radio was fed through a cross 
needle SWR bridge into the RF output of 
the linear. The tank capacitors and coil taps 
were then adjusted for minimum SWR. 
The method works because the pi network 
is bidirectional and power can travel in 
either direction. 50 ohms at the output is 
transformed to about 2,500 ohms at the 
plates when the pi-network is resonated 
with the right component values. During 
the testing, ifa decent match could not be 
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obtained the tap was moved on the coil. 
Because each coil section affected the other 
two, it was necessary to go back and forth. 
This is where a solid state radio like the TR- 
5 is handy, because you don't have to 
retune it for each band. Of course you 
don’t want to use any more power than 
necessary to get a usable reading. After this 
step one or two extra turns were left at each 
end of the coil. 

Next, the amplifier was powered up into 
a dummy load and the optimum coil tap 
locations refined by trial and error. Of 
course extreme caution was used here to 
make sure nothing was hot when making 
adjustments. The tap locations can vary as 
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full loading and output is approached, so 
it was necessary to make the final placements 
at full power. Once this was done the excess 
windings were cut off and the final 
connections made. 

There are many other coils and variable 
capacitors that could be used in the output 
pi network, including those identified in 
the references. The B&W 85x series of 
bandswitched pi-networks are attractive 
candidates, but decent ones are very hard 
to find. The cut and try methods outlined 
above might still be needed if working with 
justacoil. 

The Input Circuits 

The input pi network circuit is essentially 
the same as the HB-600. I used the same 
methods to finalize the design, i.e., feeding 
RF from my TR 5 into the amplifier through 
an SWR bridge and adjusting the input 
coils and capacitors for minimum reflected 
power. A dummy load was connected to 
the amplifier output, and the output tank 
circuits resonated for maximum power. 
Drive was applied only long enough to 
make quick adjustments. For this testing 
the amplifier was turned completely upside 
down. Certain tubes like the 813, 811A 
and 572B cannot be operated on their side 
unless the internal elements lie in a certain 
plane. Otherwise internal heat can cause 
elements to droop from gravity and short to 
each other. There is no problem when they 
are inverted. 

To make testing easier, I temporarily 
soldered a large mica padding capacitor 
across each side of the coil under test to 
ground. After finding the right settings, 
the padding capacitors were removed, 
measured, and fixed capacitors of equal 
value permanently installed in their place. 
Another thing I did was remove and discard 
the spring clips used inside the National 
coil forms to put drag on the slug threads. 
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This allowed me to turn the slugs quickly 
with my fingers. When the right inductance 
was found, the slug was simply locked into 
place with a 6-32 nut tightened down on 
its threads. 

Tuning and Operating the Amplifier 

Tune-up and operation of the amplifier 
are basic. With no drive applied and the 
linear keyed, R8 is adjusted for 40 mA 
idling current. Enough RF drive is then 
applied from a properly tuned exciter to get 
about 150 mA of plate current. PATUNE 
and PA LOAD are alternately adjusted for 
maximum power output, which should 
occur very close to the plate current dip. 
Then drive is increased and the amplifier 
tuned and loaded to 450 to 500 mA of 
plate current. At this point the grid current 
should be about 80 to 100 mA and output 
should be about 500 watts. If grid current 
is too high, loading is probably too light. 

In SSB operation the plate and grid 
current will kick up to about a third of their 
steady state tune-up readings on voice 
peaks. Since there is no ALC care must be 
exercised to prevent overdriving. Most 
newer solid state transceivers have very 
effective power limiting that can be used. 
For older radios the output should be 
monitored for peak flattening. A less 
desirable method is to turn down the exciter 
mic gain if you get complaints. 

The references contain information 
about using this type of amplifier for CW 
or AM. For CW the grid bias must be 
increased for zero plate current and the 
steady state plate current reduced. It may 
be necessary to modify the bias circuit used 
in the 2X-813 to achieve zero plate current. 
For AM the bias is the same as SSB but the 
operating plate current must be reduced. If 
CW or AM operation is desired the reader 


should investigate the references. 
ER 
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Advertising Information: Please Read 
Ads received AFTER the deadline will be held for 
the NEXT issue. 


monthly, directly below where it says “Deadline.” Email is prefered for 
receiving ads. Ads run ONE month unless otherwise requested. Please 
email for the display ad rates, they are different from regular classified 


ads. 


How to Count Words: The words “FOR SALE” or “WANTED” and 
all of your contact information counts as 7 words total no matter how 
many real words there may be. Contact information is: Your name, 
address, phone, email, etc. Then, 20 minus 7 equals 13 words remaining 
for the description. Hyphenated and slashed words/numbers count as 
2 words. 


Subscribers receive 1 free 20-word ad per month. Extra words 
are 20 cents. Please count the words in your ad as described 
above, and if you are over 20 words, send payment for the extra 
words at 20 cents for each word. Not all readers use email, so 
include phone numbers if a response is desired. 


No Free Words for Non-subscribers: $15.00 minimum for each ad up 
to 20 words. Each additional word is $1.00. 


Electric Radio AN vig 
PO Box 242 Oi 
Bailey, Colorado 80421-0242 a cai 
Ray@ERmag.com (Emailed ads are preferred.) | 


ctl Hey 


_ © The DEADLINE for July 2016 is Monday, June 20! 8 


MANUALS FOR SALE: Military Radio FOR SALE: 2 ART13s one good condx, 
manuals, original. & reprints. List for other parts. $300 pick up or let’s talk. 
address label & $1.50. For specific truemand@mymts.net Don, VE4AY 


requests, feel free to write or (best) email. FOR SALE Swan 14X DC power module 
Robert Downs, 2027 Mapleton Dr., $45 + postage WANTED: Hammarlund 
Houston, TX 77043, waScab@cs.com bandswitch knob HQ-170 style. Bill, 


FOR SALE: Collins KWM1 with speaker. ke7kk @ earthlink.net 


Non working. Has audio and lights. $460 FOR SALE: Collins 51S-1 Receiver. Rare, 
plus shipping. k8wozdan@gmail.com, in Excellent Condition, $2,130. Burl, 
281-974-8171 K4VYL, 530-346-8713 
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CENTRAL ELECTRONICS BOAT ANCHOR EVENT 


JULY 23, 2016 


SNS 


Tennessee community of Jonesborough. 


S torybrook Farm 


THE CELEBRATION WILL BE COMPOSED OF TWO COMPONENTS. 


In the exhibit arena, owners and operators of radios dating from the late 
‘40s to the early ‘60s, both commercial and home brew, will be on hand 
to demonstrate the most rare and unique examples of technology from 
those times. Most of the exhibits will be examples of early SSB operation 
but some other interesting pieces such as vintage WWII stations are also 
invited. Space permitting, operators in the exhibit arena are welcome to 
offer some vintage equipment for buy/sell/trade. For all those not invited 
to display equipment in the exhibit arena, entry fee will be $10. 


CE Collins 
Dream Station 400 


THE FAMILY OF THE LATE WES SCHUM, W9DYV 
welcomes the Amateur Radio community to our 4"" Annual 
summer gathering in celebration of the contributions that 
he and his company, Central Electronics, made to the hob- 
by nit the ae years of Single Sideband. 


This year, the event will be held at his estate which 
is now known as Storybrook Farm, in the Eastern 


Adjacent to the arena, a grassland of about 10 acres is available for 
a free tailgate swapfest. Participants are informed by way of this 
paragraph that no services other than port-a-can(s) will be provided. 
However, depending on significant attendance, a food truck on the 
grounds or other arrangements may be possible. 


com 


: 9) | ty 


The birthplace of 
Central Electronics 


Anyone wishing to participate as a demonstrator in the exhibit arena will require the prior invitation 
and approval of Mr. Nick Tusa, K5EF. nick.tusa@tusaconsulting.com 


To insure that all tailgaters have a place, and to enable planning, those wishing to tailgate are re- 


quested to email Lynn Fisk, K5LYN. k5lyn@arrl.net 


FOR SALE: Johnson Viking 500, $4,000 
plus shipping. Mint Condition. Al Hubbard, 
WASPGC, 650-988-9856 or 
adh_bmh_hubbard @ sbcglobal.net 


FOR SALE: National Radio Institute 
course material. 47 books circa 1930. 
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Highest of first 3 offers. Tom, 281-229- 
2930 


FOR SALE: Towers, racks, test equipment 
for sale, radio shop going out of business. 
Email Al bigandoddmv@ gmail.com for 
list. 
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High Performance Crystal and Mechanical Filters for your Collins, 
Drake, and fs am Radios! 


international Bd) Sis 


PO Box 2110, Aptos CA 95001, USA 
tel: 1-831-462-5511 fax: 1-831-612-1815 
e-mail: sales@inrad.net web: www.inrad.net 


FOR SALE: | am selling 160 military radio 
TM’s for a local museum. All are new or 
very good condition. Most have multiple 
copies. E mail or write for list. Dave, 
WONBZ@comcast.net 13020 Lakeview, 
Burnsville, MN, 55337 


FOR SALE OR FOR FREE: items, parts, 
etc. See website: www.panix.com/~w4pon 


FOR SALE: CW Morse Code Sets Bugs 
Straight Keys Sounders Spark Coil WW1 
Trench Phone Army CW Practice Machine 
R/R Very Heavy. Howard Felder 301-320- 
3028 


FOR SALE: Modern Radio Servicing by 
Ghirardi 1301 pages published 1935 $20 
+ $7 media USA. RCA Triple Pindex tube 
base book 1959 $10 + $5 media USA. 
Dennis WB9EMD, 
dwotrans @bresnan.net, 970-249-4099 


FOR SALE: Alpha 9500 amplifier, $4000. 
Email wes0331@gmail.com or phone 
520-398-2722 


FOR SALE: Collins 75A-4 receiver, 
restored and documented by the famous 
Howard Mills, W3HM. Price: $1,250 plus 
packing, S&H. Contact Parker, W1YG, 
860-575-6377 


FOR SALE Collins 204H-1 Amplifier with 
Manual. Serial #1, is essentially a pair of 
30S-1s in single rack cabinet. Accepted 
amp in exchange for tower work, thinking 
I'd get around to restoring it, but hasn’t 
happened. Pix available. Stored in garage 
in MD. $3000.00. Don, K4ZA, 704-408- 
7948 or k4za@juno.com 


FOR SALE: 8 wooden console radios, 
some needing work. Call for more info, 
Walter, 718-456-1988 
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FOR SALE: HF Radio interfering with your 
phones? Try these plug and play filters. 
1st for $4, others $3 each plus shipping. 
Brian Harris WAS5UEK 
cosmophone @ yahoo.com 


FOR SALE: Collins 30K-5 transmitter, 
restored and complete, pictures available, 
restored by Howard Mills, in Very good 
condition, $7,500. Contact Jim Stitzinger, 
WA3CEX, 818-519-4419 
jstitz @ pacbell.net 


CRYSTALS FOR SALE: FT-243, HC-6U 
Drake Collins etc. http://www.af4k.com 
Brian, AF4K, Phone: 321-262-5471 


FOR SALE/TRADE: Heathkit manuals: 
DX20, DX60, DX60B, DX100, DX100B, 
HG10B, HO10, HO13, HR1680, HW12, 
HW16, HW22A, HW29A, HW30, SA2060A, 
SB104, SB220, SB610, SB620, many 
others. NI4Q, POB 690098, Orlando, FL 
32869, 407-351-5536, ni4q@juno.com 


FOR SALE: Hallicrafters SX115 new VFO 
dial overlays. Make your dial like new. $25. 
Phone: 330-658-5035, 
WBOIQK @ARRL.NET 


FOR SALE: | repair antique radio & stereos 
from 1920s to present day. Free estimates- 
| am located in Wisconsin Dells, WI. Bill 
Kalcik 608-253-9855 


FOR SALE: Heathkit DX-100 front panels. 
Brand new, color matched & silk- 
screened. Picture available. $90.00 + 
shipping. Walt Korab, 570-421-8371, 
wefnz @ verizon.net 


FOR SALE: Obsolete Triplett meter, tester 
and hardware parts. Need Triplett number 
from manual. Unused stock. Bigelow 
Electronics, PO Box 125J Bluffton, OH 
45817-0125 
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W7FG True Ladder Line and 


Wire Antennas 
¢ 600 Ohm Open-Wire Ladder Line 
e The most trusted, reliable, all-band 


doublet for 20 years. 
¢ Thousands in Use, Sold Worldwide 


¢ Use coupon code “ER” for 10% 


discount. 


www.trueladderline.com 
802-598-6825 


TrueLadderLine.com 


FOR SALE. NOS Cutler Hammer toggle 
switches. SPST 20A @ 125V. DPST 16A 
@ 125V $5.00 apiece plus shipping. John 
H. Walker Jr., 13406 W 128th Terr., 
Overland Park, KS 66213. PH 913-782- 
6455, EMail jwalker83 @kc.rr.com 


FOR SALE/TRADE: Transmitting/ 
Receiving tubes, new and used. LSASE 
or email for list. WANTED: Taylor F52, 
8008, TR40M and Eimac 1001IG. John H. 
Walker Jr., 138406 W. 128th Terr., Overland 
Park, KS 66213. PH: 913-782-6455, E- 
Mail: jwalker83 @kc.rr.com 


SERVICE FOR SALE: Repair, upgrade, 
performance modification of tube comm. 
& test equip. Accepting most military, all 
Collins & Drake, & better efforts from 
others. Laboratory performance 
documentation on request. Work 
guaranteed. Chuck Felton, KD@ZS, Felton 
Electronic Design, 1115 S. Greeley Hwy, 
Cheyenne, WY 82007. 307-634-5858 
email: feltondesign@ yahoo.com 


FOR SALE: Quality reprints for Ameco, 
Clegg, Collins, Gonset, Hallicrafters, 
Hammarlund, Johnson, National, WRL, 
and others. vec Ken, 
www.RadioReprints.com. 


DRAKE OWNERS: Solid State LED Lamp 
replacements for all 4-line and 7-line 
equipment. Don, N90O0O, WEB: 
www.radiolabworks.com/products or 
phone 262-358-0266 
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SERVICE FOR SALE: R390A repairs & 
rebuilding. Bill Riches, WA2DVU, Cape 
May, NJ. 609-465-5005 
bill.riches @ verizon.net 


QSLs FOR SALE: Your old QSL card? 
Search by call free, buy find at $3.50 ppd. 
Chuck, NZ5M, nz5m @arrl.net 


SERVICE FOR SALE: Let’s get that old 
radio of yours working again! Antique 
Radio Repair - All Makes- Also Transistor 
Radio Repair. Tom Senne, AC8DA, 937- 
258-0124, Dayton OH,  hittp:// 
TomsAntiqueRadioRepair.com 


FOR SALE: 60 years of electronic parts by 
mail. Components, Hardware, Tubes 
Meters. Free Flyer USA. Bigelow 
Electronics, POB 125, Bluffton, OH 4581 7- 
0125. 419-358-7851 


MANUALS FOR SALE: Hundreds of 
manuals available for vintage ham gear, 
test equipment and other electronics. High 
quality photocopies at reasonable prices. 
Some originals also available. Please 
email or call with your needs. David 
Crowell, KA1EDP, 401-934-1845 
kaledp @yahoo.com 


SERVICE FOR SALE: Authorized repairs 
and sales of all types of amateur radio, 
communications, and test equipment. 
Please call Land Air Communications, 
718-847-3090, visit our web site: 


’ www.landaircom.com. We have over 


3,000 items in inventory and carry all types 
of communications parts. 


ACCESSORIES FOR SALE: Spun 
Aluminum Knob Inlays for most 
Boatanchors. Collins Dial Drum Overlays. 
Dakaware Knobs. Charlie Talbott, 13192 
Pinnacle Lane, Leesburg VA 201 76-6146. 
540-822-5643, k3ich @arrl.net 


SERVICE FOR SALE: SMO and module 
repairfor KWT-6, URC-32 and other Collins 
radios. Jim Whartenby, 
antqradio @ sbcglobal.net, 501-282-2991 


INFO -see www.navy-radio.com for photos 
and info on Navy radio gear. Nick, K4NYW, 
navy.radio @ gmail.com 
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WANTED 


Based out of Nevada, we travel the 
Western United States buying sur- 
plus equipment. We buy vintage 
and modern ham gear, as well as 
high fidelity audio and tubes! 


Ham Gear Vintage Audio 
Tubes Large Speakers 
Military Equip Telephone Equip 
Boat Anchors Old Computers 
Manuals Test Equip 


Components a. and more! 


Call or email for info... 
1-866-988-0073 
KG7LOV@hamandhifi.com 


Ham&HiF-i 
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COLLINS S-LINE & DRAKE R4 RECEIVERS 
GENERAL COVERAGE TO 30MHz 


COLLINS 
Tune Using 
The VFO Or 
Receiver Dial 


Switch 
Between 
Ham Band 
Crystals 
Or VFO 1000 


DRAKE 
All Tuning 
| Is Done With 
The VFO 1000 


Complete 
Digital Control 
Highest 
Accu Jie And 
Stability 


Uses The Latest Direct Digital Synthesizer Technology 


There are 30 tunable bands (memories) that can easily be assigned to your 
favorite frequencies, or bands. All tuning can be done using the VFO 1000. 
Tuning steps are 10Hz, 100Hz, 1KHz, and S5KHz. Easy installation on both 
receivers. Simply plug the interface into the receiver and connect the cable. 
The LCD display is blue backlit with white characters. There are no receiver 
modifications required. 


Also Available for Hammarlund, Hallicrafters, National, & others. 
Provides Digital Accuracy, Stability, & Resolution for tuning SSB 


More Info & Order At kk4pk.com « $250.00 + $10 S/H 


SERVICE FOR SALE: | build hot-rod 
receivers: R-390A, SP-600, and 
transmitters: Valiant, DX-100, T-4X-A-B, 
AF-67. Chuck Felton, KD@ZS, Cheyenne 
Wyoming, 307-634-5858, 
www.feltondesign.com 


WANTED: Nice Johnson Navigator. Tom 
Boyle, WA2FHV, 518-766-3118 


WANTED: RBB, RBC Power Supply 
Cables. We also need Power Supplies 
and Power Cables for our TCS 
Transmitter and Receiver. We are in the 
process of restoring and putting into 
service this equipment on board the USS 
Wisconsin battleship BB64, a floating 
museum in Norfolk, Virginia. Thank You. 
Contact: Bill Mellema, N3WM, 410-790- 
6072 n3wm@yahoo.com 
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WANTED: Need the VOX relay that’s used 
in the Hallicrafters HT-37 or HT-32B. 
Contact Karl, KA1RM, ka1rm @aol.com or 
508-237-9470 


WANTED: B&W model VS-1500A antenna 
coupler in good shape. Howard, WA7PDN, 
406-656-4855 evenings 6-8PM 


WANTED: Gonset G-50 6 meter 
transceiver, excellent or better condx. Ron, 
K3NFS, 724-736-4464 
K3NEFS @ outlook.com 


WANTED: R-1004 receiver, part of GRC- 
109 radio set. Jim Hebert, W8FDV, 900 N. 
San Marcos DR., Lot#77, Apache Junction 
AZ 85120 

WANTED: FT-221A 3 receiver (shock) 
mount for SCR-274N. 717-309-4543, 
Mark, K3MSB 
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WANTED: Any information about WANTED: Hallicrafters SX101 Main 


Transcom Electronics, Inc. of Escondido, Tuning knob. Frank Scutch, 616- 881- 
CA. Company history or anecdotal 1618 w4fms @aol.comn 

information about the SBT-3 rig. Dale, = WANTED: AN/WRT-1 Transmitter. Harris 
W4OP, parinc1 @frontier.com RF-350K Transceiver. Jeff, WB6ZBX, 


WANTED: Copy of “Riding the Airwaves vce.lab@att.net or 559 916 3311 and 
With Eric Palmer, Jr.” (c.1930) Pete The Leave a Message. 
Greek/ NL7XM at: NL7XM@QCWA.org or WANTED: MODE knob (CW-AM-NFM- 


PO Box 3026, Easton, PA 18043-3026 PHONO), gray color, fora HRO-50T. Also 
WANTED: Set of knobs for SX-99, also need another gray knob - any markings - 
need SX-96 or SX-100 for restoration. for the HRO-50T. Bob, WOYVA, 


Tom, 432-837-3679 robert @isquare.com 
WANTED: retirement for me means WANTED: Diawa RF 440 Speech 
restoration of boat anchor receivers. Processor must work OK. 


Would be interested in Restoring K5ulb.Jerry@aol.com or 918-724-8272 
Hallicrafters SX96 OR SX100. Must be all WANTED: Datak or other dry transfer 
original, working and well preserved. Also 


looking for complete set of knobs for To finish my home-brew projects in the 
SX99. TOM, 432-837-3679 traditional way. Happy to pay any 
WANTED: Diawa RF 440 SP. Processor reasonable price. Dave, AB7B, 
K5ulb.Jerry@aol.com or Jerry 918-724- hipslikool@ gmail.com, 503-626-3488 
8272 


labels for ham radio. Need black letters. 


Hayseed Hamfest LLC - CedarRapids,lowa \_. 


CAN CAPACITORS -= 


can-caps.com mi 


BJS s Y20IB 


aff Pt Amateur 


This book has everything you need to 
— for the Radia Amate Shi, know about the art and science of 
eae thermatron design and construction. 
cig eet heat It pulls together thermatron types 
and characteristics, thermatron 
homebrew techniques, and how to 
design audio and RF triode and 
pentode circuits. The book is 233, 8.5 
x 11” pages, packed with hundreds of 
photos, schematics, diagrams, charts, 
and formulas. Grayson Evans, 
TA2ZGE/KJ7UM has been licensed 
since 1962, grew up on thermatrons, 
spent 40 years in the electronics 
industry, and is bored to death with 
ana conatacton, tb 207 solid-state! 

cer alpen eee kp NOW Available from the 
electronics indus and is bored to death with solids! 


NOW Available from the Electric Radio Bookstore! Electric Radio Bookstore! 
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Dead or Alive 


VINTAGE TUBE ELECTRONICS 


Audio Equipment - Ham & Military Radios 


*Cinema/PA/Broadcast Sound Equipment* 


Amps-Compressors-Preamps-Microphones-Reel to Reel-Mixers-Phono 
Speakers/Horns/Drivers-Receivers 


Catalin + Breadboard + Console Radios 
Computers: Apple | & II Lisa, IMSAI, Altair 


Parts: Output/Input/Power Transformers, WECO + Sprague Capacitors 
Cloth Wire, WWII Equipment, Nassau Solder 


Vacuum Tubes: 
211/845/805/6550/12AX7/5692/GZ34/2A3/EL34/6SN7W/6922 
300B/205D/350B/VT-231/#45/#50 & More 


SS Brands Wanted SS 


Acrosound, Altec, Ampex, AR, Brook, Capehart, Collins, Crosley, Dynaco 
EICO, EH HH Scott, Electro-Voice, EMT, ERPI, Fada, Fairchild, Fisher 
Garrard, Harman Kardon, Heathkit, JBL, Jensen, Marantz, Mcintosh 

McMurdo, Mullard, National, Neumann, Ortofon, Partridge, Peerless 

Presto, Pultec RCA, Sparton, Studer, Tannoy, Telefunken, Thorens, Triad 

Urei, UTC, Western Electric 


| BUY IT ALL: FROM 1 ITEM TO COMPLETE COLLECTIONS 


CALL OR EMAIL TODAY 
610-649-4151 


www.cash4audio.com 
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and are available in three versions: 


guarantee. 


WANTED: Globe King 500 Audio Driver 
Transformer for the modulator chassis. 
Globe p/n 1203-006 or p/n 1203-002. 
Ron, ab5wg @satx.rr.com 


WANTED: PRC-47 modules, tubes, 
accessories, non-working sets. Ron, York, 
PA k38TZJ@arrl.net 717-880-0731 


WANTED: Radiovision “Commander” 
receiver. Any condition. National NC-240D 
dial assembly. Rob Vincent, K1DFT, 
Robvi3@gmail.com or 401-487-3933 
(leave message) 


WANTED: Operating table MC269A for 
1942 Chev K51 Radio Van | am restoring. 
Al Hansel 507-528-2780 MN 


WANTED: Swan 160x transceiver in good 
condition. Dave WD4PLI, 818.846-0617, 
davecurry @charter.net 

WANTED: Vintage RCA/GE Magnetic 
Modulator UT-1643, UT-1357, UP-1346 
or similar Bob, K2GLO, 

WANTED: Need 572B tubes. Contact 
KD/CLO, Leonard, at 
samicat@bresnan.net or Facebook.com/ 
leonard.gordon2 


WANTED: Mosley CMS-1 speaker with or 
without CM-1 receiver. Call Scotty at 724- 
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ZIM ELECTRONICS INRUSH ene LIMITERS 


Inrush Current Limiters are now available from the Elec- 
tric Radio Store or on-line! These inrush limiters were 
reviewed in the September 2004 issue of Electric Radio 


Model AB-1 (With Pilot Light) ............ 
Model AB-1M, (With Voltmeter) ...............000 
Model AB-300M, with meter, 300 watts (2.5 amps x 120 
A AMEE i eiears cxloascosaniaskduaccasedpavbasecpekerspees 
Shipping, each limiter ................ccccceesceees 


(Overseas customers please ask for shipping quotes.) 


The Inrush Limiter provides a gentle, slow startup for 
your valuable vintage radio equipment. They also reduce 
the line voltage closer to original design values due to the 
voltage drop across the limiter element. AB-1 and AB- 
1M are 150W. All models come with a full money-back 


Electric Radio Store 
720-924-0171 


Ritiweed Thcack Ries. 
Models AB-1M, AB-300M 


927-9468 or wk3n@hotmail.com 


WANTED: Black Bakelite fluted control 
knobs with metallic pointers as used on 
BC-779 Super Pro receiver. Also need the 
S-Meter for the same receiver. Steve, 
WB2HPR, 518-326-0902 or 
WB2HPR@ARRL.NET. 


WANTED: Copy of TechNews article by 
Bud Banes that covered the conversion of 
the Collins 310B from plug-in coils to 
band switching. Will pay for the expenses 


incurred. Gary, W8sKM, 
gpsschauffler@ yahoo.com 
WANTED Collins 75A-1 Phasing 


capacitor. Anything in repairable condition 
is OK. Mickey, WA6FIZ, 
mandbsiegel@charter.net 909-584- 
7183 


WANTED: Drake 1S speaker for Drake 1A 
receiver. John, K5PGW, 
k5pgw @yahoo.com 225-978-9477 


WANTED: Tektronix Model 525 television 
waveform monitor, the company’s first 
waveform monitor for TV. Jay Ballard, 
W1JHB, 39 Boston St., Middleton, MA 
01949 978-774-4041, TK41C @aol.com 
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HANG YOUR NEXT WIRE ANTENNA WITH THE NEW 
EZ HANG SQUARE SHOT! 


EZ Hang’s custom construction is welded/ 


bolted steel attached to a reel that is corrosion- 
resistant plastic and stainless steel. New design 
sling shot (U.S. Patent No. 6286495), with new 
wrist support to fit a man’s hand, with new UV 
resistive 11-inch long bands will help you reach 
that extra high shot. The pouch is 1-3/4" wide for 
easy grip. The EZ Hang square shot will clear a 100- 
EZ ane, Coote: bE foot tree with ease. EZ Hang kit is $99.95 + $9.05 
32 Princess Gillian Court shipping. The EZ Hang comes with a one year 
Fredericksburg, VA 22406 limited warranty. We now have 12,000 satisfied 
www.ezhang.com customers around the world! 


Call Today! 540-286-0176 


WANTED: Need various parts for my BC- 
375 restoration. Please email for details 


First Licensed and a list. Bob, KFQAM, 


bobh@wescomm.com 


Before 19927 WANTED: National regenerative SW3 


and/or SW5. The more coils the better, as- 
is or working, with or without power supply. 
Will ship to Atlantic City, NJ. Write to Mario: 
deepford @ hotmail.com 


WANTED: Layfayette KT-390 or Ameco 
TX-86 for future articles. Please contact 
Phil (AC@OB) at spf@Reagan.com 


Ran 1/16 WANTED: Collins promotional 
literature, catalogs and manuals for the 
period 1933-1993. Jim Stitzinger, 
WASCEX, 23800 Via Irana, Valencia, CA 
91355. 818-519-4419. jstitz @pacbell.net 


Then you should join these} = WANTED: Would like to purchase 572B or 


distinguished amateurs! 6JS6C tubes. Contact KD7CLO, Leonard, 
} at samicat @ bresnan.net or 


Facebook.com/leonard.gordon2 


To Join or Renew visit: WANTED: Good Eimac 1500 and 2000T 
; transmitting tubes. Charlie 


K4LJH @juno.com, 540-338-4152 


WANTED: Early Hewlett-Packard 


For more information contact Journals from 1948 to 1955 for former 
employee hoping to complete his 


gm@qcwa.org collection. Steve, W6SSP, 707-544-8142, 
Santa Rosa, CA. zarco@sonic.net 


www.gcwa.org/join-renew.php 


Bie’ Electric Radio #325 June 2016 


JOIN THE AWA — Antique Wireless Association 


THE ORIGINAL AND LARGEST HISTORICAL RADIO-COLLECTOR GROUP 
e Publishes the quarterly AWA Journal! with: 


- Battery & AC receiver restoration 
- Vacuum-tube history & collecting 
- Old-time amateur-radio contests 
- Communications receivers 


ll 


- Free want-sell-swap ads 

- Early television 

- Horn loudspeaker 

~ News of U.S. & foreign clubs 


Membership is only $35/year in U.S.; $40 elsewhere. 
AWA| Mail check to: AWA Membership, P.O. Box 421, Dept. ER, Bloomfield, NY 14469-0421 


awamembership@rochester.rr.com 


e Produces the famous 
annual Rochester Meet 


¢ Maintains unique 
radio-TV museum 


(585) 257-5119 http://www.antiquewireless.org 


WANTED: 1930's civilian airline radios 
(air or ground station use) Any radios or 
test gear used by FCC (Hallicrafters etc) 
Any HRO style radio made outside the 
USA. Tnx! Brian, KN4R, 
brianharrison@embarqmail.com 704- 
657-8910 


Electric Radio Custom 
Coffee Mugs! 


These coffee mugs are nice custom- 
made, 11-ounce white-ceramic mugs 
with the Electric Radio logo in 4 
colors and your name and call sign 
in large letters below the bottom 
border. These are printed in 6 colors. 
They are microwave and dishwasher 
safe! Call for ordering at: 
720-924-0171 
PICO UE Sess serssenspsecaress $25.00 
Or on the Internet: 
www.ERmag.com wee 
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WANTED: Manual for a Lafayette HE-60 
Communications Receiver. Paul 
Rehkopf, 340 N Monroe St, Montpelier, 
OH 43543 419-485-4388 
mkrprroh @live.com 


WANTED: Collins R-389 receiver or 
clunker for parts, or any other R-389 stuff. 
Harry Weber, KC9QID, 4845 W. 107th St., 
Oak Lawn, IL 60453-5252 


WANTED: RCASSB R3 diversity receiver, 
or any modules, parts, documentation or 
historical information. Steve W6SSP, 
Santa Rosa, CA. 707-544-8142 
zarco @ sonic.net 


WANTED: Looking for history, address, or 
any info about Electronic Assistance Corp, 
EAC, “Radiomarine” Corp, RMCA, 
Redbank, New Jersey. 
Kendricksellen @ hotmail.com 


WANTED: R-220 receiver and parts. 
Hammarlund SP-600 VLF receiver and 
parts. Dean, 
deansoderling @ hotmail.com 


WANTED: ARC-5 transmitter racks MT 
Ooi Tie. fay rou Steve. K2ZDKT, 
skeller53@ gmail.com, 718-405-8378 


WANTED: Cartoon QSL Cards designed 
by illustrator Otto Eppers W8EA - W2EA. 
Immediate CA$H. Pete, NL7XM @arrl.net 
or PO Box 3026, Easton, PA 18043-3026 


WANTED: Your old 50’s and 60’s CQ and 
QST’s. Hardcopy only (no digital). Nothing 
to read over here! | will cover USPS priority 
shipping to Turkey + your selling price. 
Grayson, TA2ZGE, wa4gvm @ gmail.com 
June 2015 59 


Mil-Spec Communications 
R-390, R-390A, R-388 & Other Military 
Receivers 
Sales - Service -Manuals - Parts 


Box 633, Englewood, FL 34295-0633 
Please call us at: 941-474-6818 
FAX: 941-474-7874 


milspec39@@aol.com 
“Since 1985” 


WANTED: FCC and RID-related items. 
Anything HF/DF related. Black HROs and 
WWII German and Japanese radios. R&S 
SK010/3202 transmitter docs. Thanks! 
Brian, KN4R, 704-657-8910 or 
brianharrison@embarqmail.com 


WANTED: The serial number and tube 
complement of your B&W 370 SSB 
Adapter. Grant, ng5t @tx.rr.com, 214-629- 
8759 


WANTED: Manual-Schematic VLF loop 
coupling unit NT-47367 CNM-47367 
NAVSHIP POB #900-505. For use with 
VLF Loop CNM 66097 or NT-66097. Harry 
Weber, 4845 W 107TH ST, Oak Lawn IL 
60453 


WANTED: R-390As. It was built to play, not 
sit and decay. | overhaul and find them a 
good home. Ted @x44.cc 


WANTED: Lots of IERC TR5-5020H 7-pin 
black tube shields! Chuck Felton, 307- 
634-5858 


WANTED: National NTE exciter, NSA 
speech amp and NSM speech modulator. 
| still love National! Sylvia Thompson, 
N1VJ, Hopkinton, RI 401-377-4912 


WANTED: National NTE Exciter to 
complete National 600 Watt Transmitter 
Restoration. Name your price! Brian Harris 
WA5UEK 214-763-5977 
cosmophone @ yahoo.com 


WANTED: Vacuum Tubes: 279A, 212E, 
249B, 258B, 271A, 242A, C120, C100A, 
804, RK20, CK70, GL805, C201, ZB-120, 
802. Components for Collins 12H /12N 
speech input console, including 
preamplifiers and program amplifiers. 
Rod, W5CZ, 303-324-2725, 
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rodperala @ aol.com 


WANTED: Early QSL cards from my 
Grandfather, Hal Smith (SK). His calls 
were KH6KA, K6YJR, K6OQE. Gladly 
reimburse postage plus modest finder’s 
fee! Phil Wilson, 1355 Big Otter Dr, Blue 
Ridge, VA 24064 k6cra @arrl.net 


WANTED: Seeking Ham/SWL/Weather 
unbuilt kits. Gene Peroni, KA6NNR, POB 
7164, St. Davids, PA 19087. 215-806- 
2005 


WANTED: PRESS WIRELESS, NY: 
Photos, information wanted on Hicksville, 
Baldwin, Little Neck, Centereach, 
Northville facilities. George Flanagan, 42 
Cygnet Dr., Smithtown, NY 11787 
w2krm @ optonline.net 631-360-901 1 


WANTED: Collins R-389 LF receivers, 
parts, documentation, anecdotes, 
antidotes. W5OR Don Reaves, PO Box 
241455, Little Rock AR, 72223 501-868- 
1287, W5OR@militaryradio.com or 
www.r-389.militaryradio.com 


WANTED: WW Il German, Japanese, 
Italian, French equipment, tubes, 
manuals and parts. Bob Graham, 2105 
NW 30th, Oklahoma City, OK 73112. 405- 
525-3376, bglcc@aol.com 


WANTED: Manuals, manuals, and 
manuals for radio-related equipment to 
buy or swap. Catalog available. Pete 
Markavage, WA2CWA, 27 Walling St., 
Sayreville, NJ 08872. 732-238-8964 


WANTED: Military radios vintage, 1952 
and back. Ken Kolthoff, KBAXH, 9420 STE 
RTE T, Amazonia, MO 64421. 913-634- 
3863 


WANTED: Incarcerated ham seeks 
correspondence. w/others on mil (R-390’s 
&backpacks) & tube radios. Also copies 
of postwar-90’s surplus catalogs, 
backpack specs & photos. W.K. Smith 
44684-083, LSCI Butner — GA, PO Box 
999, Butner, NC 27509-999 


WANTED: R390, R390A and R392 
receivers dead or alive or parts/ 


assemblies. Any condition considered. 
June 2016 


Keep Your ER Magazines Organized! 
Sold in sets, shipped flat, easy to put together, no glue required. 
Each box holds about 12 magazines. 


These organizer boxes are the correct size for many ER-size 


magazines, such as The Old Timer's Bulletin, The Tube Collector, 


or The AWA Journal. 


Set of 10: $11.75 + $10.00 S&H 
Set of 15: $17.25 + $10.50 S&H 
Set of 20: $23.00 + $11.75 S&H 


ER Bookstore, 720-924-0171 
PO Box 242, Bailey Colorado, 80421-0242 


Or order on-line at WWW.ERMAG.COM 


Will pickup if you have enough items. 
Glenn, WA4AOS, 864-684-2956 


WANTED: I’m looking for information 
about Vanguard Electronic Labs of Hollis 
NY. Needed are catalogs, instruction 
sheets, company history, etc. Also want to 
buy a Vanguard/Springfield walkie-talkie. 
Bob Nickels, W9RAN @arrl.net 


WANTED: NOS small illuminated panel 
drive with a slide rule type dial. Louis 
D’Antuono, WA2CBZ, 8802 Ridge Blvd, 
APT C-2, Brooklyn, NY 11209 718-748- 
9612 after 6 PM EST 


WANTED: “AN/FRR-24 or AN/FRR-37 or 
AN/FRR-10” original Navy pictures and 
Fair Radio sales ads. Also would also like 
to hear from other owners for a possible 


upcoming series of ER articles. Thanks! 
Electric Radio #325 


Brian, KN4R, 704-657-8910 
brianharrison@embarqmail.com 


WANTED: National HRO power supply, 
rack-mounted ffor 6V __ filament; 
Hammarlund Comet “CC” coil set; any 
Utah transmitter, modulator, or custom 
cabinet for such; schematic/info on 
Western Electric Model 15A Police 
Transmitter. Gary, KEGLH, 209 286-0931 
or k6glh @volcano.net 


Nag ae a 


June 2015 61 


— ELECTRIC RADIO BACK ISSUES — 
All Electric Radio back issues are either from the original press run, lithographic reprints from 


the original negatives, or digital copies. Shipping prices are for delivery by media mail within 
the USA. Overseas, please inquire for shipping quotes. 
The NEW easy to use on-line search for back articles is at 


https://www.ermag.com/index/ 
Single Issues: $4.00 Each, Postpaid 


1-Year Sets (Or Any 12 Issues) $40.00 per year + $7.00 SKH 

Special Deal on Any Four Years (Or Any 48 Issues): $110.00 + $8.00 S&H 
Almost all of the back issues of Electric Radio from #1 are available for $450.00 + 
$24.00 S&H, at least a 56% discount the over single-issue price. 
e Fora postpaid 29-page printed back issue index, please send $3. 
¢ Foreign Customers: Please Inquire for Shipping Rates 


— COMPENDIUMS — 


All of the Collins compendiums are packaged in nice 3-ring binders. 
Collins 75A-4 Modification Compendium: All the factory modification bulletins from Collins Radio Co., and all 
the articles printed in CQ, Ham Radio, QST and ER over the last 45 years, now 108 pages, $20.00 plus $5.75 
S&H. 
Collins S-Line, KWM-1, KWM-2, KWM-2A Service Modification Compendium: 260 pages, $45.00 plus 
$6.75 S&H. 
Collins KWS-1, 32V series, and 75A series (A1 thru A-4): 43 pages-------------------- 15.00 plus $5.75 S&H 


— BOOKS — 


A. Atwater Kent, The Man, the Manufacturer and His Radios: This 108 page book describes Kent’s biog- 
raphy, his rise from a saleman and inventor of electrical equipment one of America’s foremost radio manufactur- 
ers. There are historic photographs and diagrams on nearly every page, and color plates with vintage AK 
advertising. ----------------------------------------- 2-2 --n $n nnn nnn nn nnn nnn nnn nnn nnn en en nnnee $25.95 - 10% = $23.35 
Arthur Collins, Radio Wizard: 394 pages by Ben Stearns tell Arthur Collins biography from his early years 
until retirement. Stearns is a professional journalist and was employed by Collins from 1962 to 1977. Many 


historic photographs and stories from former employees. -----------------------------------------=- $18.95-10% = $17.05 
Again Available! Volume 1 of Crystal Clear by Maurice Siever-:-------------------- $29.95 - 10% - $26.90 

Crystal Clear: Crystal Sets, Crystal Detectors and Crystals, Volume 2: 282 page guides to crystal sets and 
related US-made equipment from 1920 to 1955, by Maurice Siever-------------------------- $29.95 - 10% = $26.95 


Heathkit Test Equipment Products: This is Chuck Penson’s (WA7ZZE) companion 
book to his Heathkit Amateur Radio Products book, and it all about Heathkit test equipment 
that continues to be very popular, even many years after Heath’s ClOSING. -------------------- $19.95 
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Hollow State Design, 2nd Edition: This is Grayson Evan’s (TA2ZGE/KJ7UM) 
wonderful new book that has everything you need to work with vacuum tubes 
in one 277 page, high quality volume! ------------------------------------------- $32.95 - 10% = $29.65 


Make Your Own Tube Testers and Electron Tube Equipment: This new book by Gary Steinbaugh 
(AF8L), an ER contributor and a professional electronics engineer, is all about understanding tube 
testers and building them, and also contains many excellent projects such as power supplies and 
specialty oscilloscopes in one fun-to-use volume! There are 19 well-written chapters, 222 pages, 
with many illustrations in full color.-------------------------------------------------------- $36.00 - 10% = $32.50 
Mil Spec Radio Gear, Volume 2: Released in 2009, Mark Francis (KIOPF), describes in 252 spiral-bound pages 
surplus military radio equipment released since the passing of the vacuum-tube era, with the exception of 
popular items such as the CV-591 sideband adapter, the Hickok TV-10 tube tester, and a TS-375 VTVM. 12 
chapters discuss 30 different types of equipment ranging from HF to the VHF bands. The layout and photo work 
iS ExCellent. ----------------------------------------------2--- 2 nanan nnn anna nena nnn nnn nen enn nen eenec cn $24.95 - 10% - $22.45 

The Collector’s Vacuum Tube Handbook: This is a 205 page book that is full of unique, hard-to-find 
information on tube types that were released before 1934. Includes history and good photos.-----------------—----- 
coaemananannnnnnananananaananannanamanannnanmamancnnann nsec nsan ene $25.95-10% = $22.45 


Tube Ty pe Transmitters: This is the second edition of Eugene Rippen’s excellent book on transmit- 


ters, transceivers, VFOs, Linear Amplifiers Modulators, Antenna Tuners, and more! Over 900 high quality 
illustrations with accurate descriptions and useful indexs make this a very useful VOIUME. ..........ccccecceeeseeeeee 
EE ee eG sisi ew a) Cen Buea eye Auton oO Wap wh ee x vn BPGREM ead eeconatoe eek se bubs Liicome od enon secbanocid $29.95-20% = $24.95 
Radios by Hallicrafters : High-Quality photos, descriptions, approximate values, and short histories of nearly 
everything made by Hallicrafters. By Chuck Dachis ----------------------------------------------- $29.95-10% = $26.95 

Radio Tubes and Boxes of the 1920s by Fathauer: If you appreciate the rare and colorful vacuum tubes and 
advertising art from the early days of radio, then this great 104-page book will be very interesting and 
informative. ----------------------------------------------------------00-----nn- a2 -nnnnnn nanan nn nnn nnn enn $26.95-10% = $24.25 


Shortwave Receivers Past & Present, 4th Editon: This book is curently not available. 


The All-American Five Radio: This book is about classic American 5-tube broadcast receivers. It also contains 
a wealth of accurate, information on vintage receivers and proper troubleshooting and alignment. It’s recom- 
mended for experienced repairmen and novices alike, 92 pages. ------------------------------- $21.95 - 10% = $19.75 
The Bavarian Yankee, by P.H. Thompson, is an exciting new, well-written, 295-page, soft-cover novel 
taking place in Europe at the end of WWII, full of colorful characters: Americans, Germans, Russians, 


and Poles, mentioning radio communications of the day. ------------------------------------------------------- $13.50 


Tube Testers and Classic Electronic Test Gear: Written by Alan Douglas, a retired engineer, 
this book is packed full of valuable information about test equipment. 166 color pages. -------- 
monn nnn nnn nnn nnn nn nnn nnn nn nnn nnn nnn nn nnn nnn nn nnn nnn nnn nn nn enn 2-3 2-2-2 === == === === ---- $29.95-10% = $26.95 
Vintage Anthology, Revised Edition: by Dave Ishmael, WA6VVL, is a revised and updated version of Dave’s 
popular book. 209 pages of great information especially valuable to radio builders.------- $21.95 - 10% = $19.75 


Ordering Information: 


Hollow State Design, and Tube Type Transmitters are heavy and 
shipping is $6.00 each. 


For other books, please add $5.00 shipping for one book and $1.00 for each addi- 
tional book. Five books are shipped by media mail free to one address. 

Checks and money orders by US mail are fine. Overseas and Canadian Orders: 
Please inquire for shipping quotes. 


Available by Mail Order or by Telephone at 720-924-0171 
Or on the Internet at www.ERmag.com 
Visa, MasterCard and American Express 
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Subscription Information 


Published Monthly 
The monthly Electric Radio mailing date is posted at www.ermag.com. 

Rates within the US: 

Ist Class Rate: $47 (mailed in envelope) 

Periodicals Rate: $36 


Rates outside the US, by airmail only: 
Canada: US $54 
All other countries: US $75 


Electric Radio 
PO Box 242 
Bailey, Colorado 80421-0242 
720-924-0171 


Office Hours: 9:00 AM to 5:00 PM MT, Monday to Saturday 

Subscriptions and renewals maybe purchased online at 
WWW.ERMAG.COM 

Visa, Mastercard and American Express 


email: Ray@ERmag.com 


Electric Radio | 
Baseball Caps! 


Always popular, the Electric Radio 


baseball caps are a nice 6-panel all- 
cotton style with an adjustable rear 
headband anda 3 inch front brim. The 
background color is khaki, and the ER 
logo is embroidered in 4 colors, not 
printed. These hats will hold up for a 


long time. 


$22.95, Priority Shipping Included 


ER Store, PO Box 242, Bailey, CO 80421 720-924-0171 


Or On-Line: www.ERmag.com 


64 Electric Radio #325 June 2016 


ileup. 


in every p 


There’s one 


= 
fe) 
U 
< 
e 
3 
fe) 
rs 
= 
S 
= 
= 


Electric Radio 
PO Box 242 
Bailey CO 
80421-0242 


Address Service Requested PERIODICAL 
6/16 


Specializing in the sale of vintage ham, antique 
radios, audio and associated equipment. 


e Professional auctioneer for over 14 years. 
¢ Collector and licensed ham for over 35 years. 


«We utilize a professional online auction 
platform to successfully target, market and 
sell to a nationwide audience. 


« Call or email to see how we can help with your 
single item, collection or estate. 


¢ Visit our website to view past auction results 
and upcoming auctions. 


SCHULMAN 


AUCTION & REALTY, LLC 


73, David Schulman, WDOERU 
816.455.5520 or 913.568.3767 
david@schulmanauction.com 


www.schulmanauction.com/vintage-electronics 


